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(54) Reflection type diffuse hologram, hologram for reflection hologram color filters, etc., and 
reflection type display device using such holograms 



(57) The invention provides^ diffusing plate with the 
angle of diffusion controllable within a desired range by 
use of a hologram, which is capable of presenting bright 
displays so that it is applicable to. for instance, a back- 
lighting diffusing plate for liquid crystal display device. A 
diffusing plate 2 having an angle of diffusion 0 is brought 
into close contact with a hologram photosensitive mate- 
rial 1. Then, parallel light 3 is obliquely at an angle of 
incidence a on the photosensitive material 1 while par- 
allel light 4 is vertically incident on the diffusing plate 2. 
Thereupon, parallel light 4 is converted into diffused 
light 5 having an angle of diffraction 0 upon passing 
through the diffusing plate 2. Diffused light 5 interferes 
with obliquely incident parallel light 3 from the opposite 
direction in photosensitive material 1 to produce inter- 
ference fringes, thereby forming a reflection type holo- 
gram. Upon parallel illumination light on the hologram at 
the same angle of incidence a at which parallel fight 3 
strikes for recording, diffused light having the same 
angle of diffraction 6 as that of diffused light 5 used for 
recording is reflected, and diffracted from this reflection 
type hologram. 



FIG. 1 
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Description 

The present invention relates to a reflection type 
diffuse hologram that can be used for display devices 
such as liquid crystal display devices, a hologram for 
reflection hologram color filters, etc., and a reflection 
type display device using such holograms. 

Backlight used with a liquid crystal display device 
should have some scattering characteristics, so that the 
display device can have a wide viewing angle. So far, 
scattering characteristics have been imparted to back- 
light by use of beads or the like, but a problem with this 
is that too large an angle of diffusion results in wasteful 
illumination light loss. 

This is also true of an automotive brake lamp or 
direction indicator. That is, although too large a diffusion 
angle is not required in view of the positional relation to 
succeeding cars, light from these lamps is not only 
wastefully consumed but also becomes dark because 
lenses positioned in front of the lamps cause the light to 
be diffused at an angle larger than required: 

The present applicant has filed Japanese Patent 
Application No. 12170/1993 to come up with a color fil- 
ter in which a hologram is used to achieve a remarkable 
increase in the efficiency of backlight used for liquid 
crystal display purposes, etc., and a liquid crystal dis- 
play device that makes use of such a color filter. 

A typical liquid crystal display device that makes 
use of this hologram color filter will now be briefly 
described with reference to a sectional view attached 
hereto as Figure 28. As illustrated, a hologram array 55 
forming the color filter is spaced away from the side of a 
liquid crystal display element 56 upon which backlight 
53 is to strike, said element being regularly divided into 
liquid crystal cells 56' (pixels). On the back side of the 
liquid crystal display element 56 and between the liquid 
crystal cells 56' there are located black matrices 54. 
Although not illustrated, polarizing plates are arranged 
on the incident side of the hologram array 55, and the 
exit side of the liquid crystal display element 56. As is 
the case with a conventional color liquid crystal display 
device, between the black matrices 54 there may addi- 
tionally be located an absorption type of color filters 
which transmit light rays of colors corresponding to pix- 
els R, G, and B. 

The hologram array 55 comprises micro-holograms 
55* which are arranged in an array form at the same 
pitch as that of R, G, and B spectral pixels, correspond- 
ing to the period of repetition of R, G, and B spectral pix- 
els, i.e., sets of liquid crystal cells 56', each including 
three adjoining liquid crystal cells 56* of the liquid crystal 
display element 6 as viewed in a plane direction of the 
drawing sheet. One micro-hologram 55' is located in line 
with each set of three adjoining liquid crystal cells 56' of 
the liquid crystal display element 6 as viewed in the 
plane direction of the drawing sheet. The micro-holo- 
grams 55' are then arranged in a Fresnel zone plate 
form such that a green component ray of the backlight 3 



incident on the hologram array 55 at an angle 0 with 
respect to its normal line is collected at a middle liquid 
crystal cell G of the three R, G, and B spectral pixels 
corresponding to each micro-hologram 55'. Each or the 

5 micro-hologram 55' in this case is constructed from a 
relief, phase, amplitude or other transmission type of 
hologram which has little, if any, dependence of diffrac- 
tion efficiency on wavelength. The wording "little, if any, 
dependence of diffraction efficiency on wavelength 1 * 

w used herein is understood to refer specifically to a holo- 
gram of the type which diffracts all wavelengths by one 
diffraction grating, much unlike a Lippmann type holo- 
gram which diffracts a particular wavelength alone but 
does not substantially permit other wavelengths to be 

is transmitted therethrough. The diffraction grating having 
little dependence of diffraction efficiency on wavelength 
diffracts different wavelengths at different angles of dif- 
fraction. 

In such an arrangement, consider now the inci- 

20 dence of the white backlight 3 from the side of the holo- 
gram array 55, which does not face the liquid crystal 
display element 56 at the angle e with respect to its nor- 
mal line. The angle of diffraction of the light by the 
micro-hologram 55' varies depending on wavelength, so 

25 that light collection positions for wavelengths are dis- 
persed in a direction substantially parallel with the sur- 
face of the hologram array 55. If the hologram array 55 
is constructed and arranged such that the red wave- 
length component is diffractively collected at a red-rep- 

30 resenting liquid crystal cell R; the green wavelength 
component at a green-representing liquid crystal cell G; 
and the blue wavelength component at a blue-repre- 
senting liquid crystal cell B, the color components pass 
through the corresponding liquid crystal cells 56* with no 

35 or little attenuation through the black matrices 4, so that 
color displays can be presented depending on the state 
of the liquid crystal cells 56' at the corresponding posi- 
tions. It is here noted that the angle of incidence q of 
backlight 53 on the hologram array 55 is determined by 

40 various conditions including hologram-recording condi- 
tions, the thickness of hologram array 55, and the dis- 
tance between the hologram array 55 and the liquid 
crystal display element 6. 

By using the hologram array 55 as a color filter in 

45 this way, the wavelength components of backlight used 
with a conventional color filter are allowed to strike on 
the liquid crystal cells 56' without extravagant absorp- 
tion, so that the efficiency of utilization thereof can be 
greatly improved. 

so The aforesaid hologram color filter proposed by the 
present applicant is applicable to only a color liquid 
crystal display device making use of backlight. However, 
when surrounding ambient light alone is used as illumi- 
nation light, this hologram color filter cannot diffract, and 

55 collect its wavelength components into desired posi- 
tions. In other words, this hologram color fitter can never 
be applied to a direct-view type of liquid crystal display 
device or other like device in which surrounding ambient 
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light is used as illumination light, or any particular back- 
light source is not required. 

Moreover, the applicant has filed Japanese Patent 
Application No. 1 2001 6/1 993 to come up with a method 
for using a swelling film to make from a volume holo- s 
gram having uniform interference fringes recorded 
therein a color pattern that varies in reconstructed color 
depending on position. The principles are similar to 
those applied to a photopolymer. First, a swelling film is 
prepared by mixing a monomer or oligomer, a photopo- w 
lymerization initiator, etc. with a binder polymer. Then, 
the swelling film is irradiated with a given quantity of 
light before or after its close contact with a photopoly- 
mer or other photosensitive material having interference 
fringes recorded therein, so that a given proportion of is 
the monomer or oligomer contained in the swelling film, 
on the one hand, is polymerized for deactivation and the 
amount of the remaining active monomer or oligomer, 
on the other hand, is controlled. The thus controlled 
amount of the monomer or oligomer is diffused, and 20 
swollen into the photosensitive material with interfer- 
ence fringes recorded therein, whereby fringe spacings 
are precisely controlled to any desired quantity to con- 
trol reconstruction wavelengths to given ones. After this 
swelling treatment, the photosensitive material with the 2s 
interference fringe recorded therein is irradiated with 
light or otherwise heated to fix the diffused monomer or 
oligomer in the interference fringes, so that there can be 
obtained a hologram excelling in the storage stability of 
reconstructed colors. In addition, a color pattern can be 30 
formed on the hologram by allowing the illumination light 
to have a spatial distribution. 

This method will now be explained in a little more 
detail with reference to Figures 29 and 30. Figure 29 
illustrates the principles applied when the swelling 35 
agent (monomer or oligomer) contained in . the swelling 
film is deactivated by irradiation with light after the swell- 
ing film has been brought into close contact with the 
photosensitive material, and Figure 30 depicts the prin- 
ciples applied when the swelling agent contained in the 40 
swelling film is deactivated by irradiation with light 
before the swelling film is brought into close contact with 
the photosensitive material. Referring to Figure 29(a), 
such a volume hologram 64 as depicted in Figure 29(b) 
is obtained by striking object fight 62 and reference light 45 
63 on both sides of a photopolymer or other photosen- 
sitive material 61 to record an interference fringe 
* thereirr.-As depicted in Figure 29(c), a swelling film 65 
prepared by mixing a monomer or oligomer, a photopo- 
lymer ization initiator, etc. with a binder polymer is then so 
brought into dose contact with the photosensitive mate- 
rial. Subsequently, either the hologram 64 or the swell- 
ing fOm 65 is irradiated with light 66, as depicted in 
Figures 29(d1) to (d3), before or at the same time as 
heating is carried out to increase the degree of diffusion ss 
of the penetrating monomer or oligomer in the swelling 
film 65. This irradiation with light 66 causes a part or ail 
of the penetrating active monomer or oligomer in the 



swelling film 65 to be polymerized, and so deactivated, 
at a proportion corresponding to the quantity of irradiat- 
ing light 66, so that the ability of the monomer or oli- 
gomer to penetrate (diffuse) vanishes substantially. 
When the quantity of irradiating light 66 is large (Figure 
29(d1)), therefore, nearly all of the penetrating active 
monomer or oligomer in the swelling film 65 is deacti- 
vated, so that the monomer or oligomer does not sub- 
stantially penetrate into the hologram 64 even upon 
heated. If, for instance, interference fringes are 
recorded in the volume hologram 64 with a blue wave- 
length in Figure 29(a), the hologram 64 subject to the 
swelling step in Figure 29(d1) does not substantially 
swell, and diffracts and reconstructs blue light When 
the quantity of irradiating light 66 is moderate (Figure 
29(d2)), on the other hand, about a half of the penetrat- 
ing active monomer or oligomer in the swelling film 65 is 
deactivated. Another half of the penetrating monomer or 
oligomer penetrates into the hologram 64 upon heated, 
which in turn swells moderately. For this reason, the 
hologram 64 subject to the swelling step shown in Fig- 
ure 29(d2) diffracts, and reconstructs green light that is 
longer in wavelength than blue light Moreover, when 
the swelling film is not irradiated with light 66 (Figure 
29(d3)), nearly all of the penetrating monomer or oli- 
gomer from the swelling film 65 penetrates into the holo- 
gram 64. which in turn swells to the maximum extent. 
For this reason, the hologram 64 subject to the swelling 
step shown in Figure 29(d3) diffracts, and reconstructs 
red light that is longer in wavelength than green light. By 
controlling the quantity of light 66 with which the swell- 
ing film 65 into close contact with the hologram 64 is 
irradiated, it is thus possible to optionally regulate the 
color to be reconstructed to one lying between red and 
blue. 

. Referring then to Figure 3Q,.especially (a) and (b), 
a volume hologram 64 is obtained as depicted in Fig- 
ures 29(a) and (b). As shown in Figures 30(d) through 
(c3), a swelling film 65 is prepared by mixing a monomer 
or oligomer, a photopolymerization initiator, etc. with a 
binder polymer. Upon this film irradiated with a given 
quantity of light 66, a part or all of the penetrating active 
monomer or oligomer contained therein is deactivated 
at a proportion corresponding to the quantity of light 66, 
so that the ability of the monomer or oligomer to pene- 
trate (diffuse) vanishes. When the swelling film 65 
already irradiated with light 66 is brought into close con- 
tact with the hologram 64, as depicted in Figures 30(d1) 
through (d3), and then heated as shown in Figure 29, 
the degree of swelling of the hologram 64 varies 
depending on the quantity of light 66. By controlling the 
quantity of light 66 with which the swelling film 65 is irra- 
diated, it is thus possible to optionally regulate the color 
to be reconstructed to one lying between red and blue. 

In this regard, it is noted that the swelling film 65 is 
prepared by mixing a monomer or oligomer, a photopo- 
lymerization initiator, etc. with a binder polymer, and so 
is similar to a photopolymer used for recording holo- 
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grams. Therefore, the hologram-recording photopoly- 
mer may be used as the swelling film 65; that is, rt is 
unnecessary to prepare any special swelling film. 

The aforesaid color pattern-making method pro- 
posed by the present applicant is to control the quantity 
of light with which the swelling film is irradiated before or 
after it is brought into close contact with a photosensi- 
tive material having interference fringes already 
recorded therein, thereby controlling the amount of the 
active monomer or oligomer contained in the swelling 
film, so that the proportion of swelling of the interference 
fringes (or the fringe spacings) can be controlled to reg- 
ulate the color to be reconstructed to a given one. In 
short, the color to be reconstructed is controlled by the 
quantity of irradiating light. 

However, one problem with the aforesaid method is 
that it is not always easy to precisely control the quantity 
of light to develop a given color, and another possible 
problem is that the reproducibility of the color recon- 
structed is not stable. 

In view of such problems associated with the prior 
art, it is an object of the present invention to provide a 
diffusing plate which can use a hologram to limit the 
angle of diffusion within a desired range, and makes 
bright display, etc. possible. 

Another object of the present invention is to provide 
a reflection type of direct-view color display device such 
as a color liquid crystal display device, which makes use 
of a hologram color filter already proposed by the 
present applicant but makes no use of any backlight 
source. 

Yet another object of the present invention is to pro- 
vide a reflection type color display device such as a 
color liquid crystal display device, which uses a holo- 
gram reflection layer as a color filter but makes no use 
of any backlight source. - ^ _ ~ 

Still yet another object of the present invention is to 
provide a hologram recording medium, and a hologram 
color display medium, which can all be utilized as a 
color filter of a reflection type color display device, and a 
method of making them. 

According to the present invention, the objects 
mentioned above can be achieved by the provision of a 
reflection type diffuse hologram characterized by 
reflecting, and diffracting light incident thereon at an 
angle with respect to a normal direction while it is dif- 
fused within a desired angle range. Throughout the 
specif ication, it is to be noted that the angle of incident 
light with respect to the normal direction may include 0°, 
or the angle of incidence may be 0°. 

In this case, it is desired that the angle of diffusion 
lie within a range of 10° to 35°. 

Another reflection type diffuse hologram of the 
present invention is characterized by having been 
formed by allowing scattered light that diffuses within a 
desired angle range, and parallel light to strike on both 
sides of a volume hologram-recording photosensitive 
material, and interfere therein. 



It is here to be noted that an image has simultane- 
ously been recorded in the reflection type diffuse holo- 
gram of the present invention in a recontructible fashion. 
It is also to be noted that the reflection type diffuse 
s hologram may be located on a backlight side of a liquid 
crystal display device for diffuse illumination purposes. 

The present invention provides a method for fabri- 
cating a reflection type diffuse hologram characterized 
in that a transmission type diffusing plate having a diffu- 
10 sion angle characteristic within a desired angle range is 
located in close contact with, or in proximity to, a volume 
hologram-recording photosensitive material, and two 
light beams are allowed to strike on front and back sides 
of the combined diffusing plate and photosensitive 
is material for interference recording. 

In this case, the transmission type diffusing plate 
used may be a diffusing plate of a 20% to 60% haze, an 
array of microlenses, a lenticular screen or the like. 
A reflection type of direct-view color display device 
20 using a hologram color filter according to the present 
invention - which is provided to achieve the objects 
mentioned above - comprises a hologram color filter 
composed of an array of element light-collecting holo- 
grams, 

25 each of said element light-collecting holograms 

comprising a hologram color filter for subjecting white 
light incident at a given angle with respect to a normal 
line of a hologram-recorded surface to wavelength dis- 
persion in a direction substantially along said hologram- 
30 recorded surface for spectral diffraction, a reflection 
type hologram located in the vicinity of a light-collection 
surface thereof, and a transmission type spatial light 
modulator located between said hologram color filter 
and said reflection type hologram. 
35 in this case, it is preferable that the reflection type 
hologram has interference.fringes recorded in the vjcin- _ „. 
rty of a position on which white light strikes while said 
white light is separated into each spectral component of 
each color, said interference fringes reflecting light of 
40 wavelength of each color in an identical direction. 

The reflection type hologram may be of diffusibility. 
For the transmission type spatial light modulator, for 
instance, a liquid crystal display element may be used. 
A reflection type color display device of the present 
45 invention - which is provided to achieve the aforesaid 
object - is characterized by comprising a transmission 
type spatial light modulator comprising a collection of 
pixels, and having a control (able trans mi ttance per pixel, 
and a reflection type hologram color filter located on a 
so back side of said modulator. 

In this case, it is preferable that the reflection type 
hologram color filter comprises periodically arranged 
volume hologram elements varying in reflection, and dif- 
fraction wavelength for each position of the pixels in the 
55 transmission type spatial light modulator. 

In this connection, the reflection type hologram 
color filter may be of diffusibililty. 

It is preferable that the reflection type hologram 
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color filter has an absorption layer located on a back 
side thereof. 

Also, the reflection type hologram color filter may be 
provided on its back side with an absorption type color 
filter, which is provided on its back side with a backlight 5 
source, so that color information is interchangeable 
when said backlight source is turned on, said color infor- 
mation being displayed on each pixel in the transmis- 
sion type spatial light modulator. 

It is here noted that for the transmission type spatial 10 
light modulator, for instance, a liquid crystal display ele- 
ment, a polymer-dispersed type liquid crystal display 
element or the like may be used. 

A hologram-recorded medium of the present inven- 
tion - which is provided to achieve the aforesaid object - is 
is an imagewise or other pattern-recorded medium 
comprising a collection of pixels, characterized in that 
any one of a plurality of volume type diffraction gratings 
comprising volume holograms and differing from each 
other is assigned to at least a part of said pixels. 20 

In this case, it is preferable that a plurality of volume 
type diffraction gratings comprising volume holograms 
and differing from each other include at least three vol- 
ume type diffraction gratings which are identical in ori- 
entation of grating surface with each other but different 2s 
in grating spacing from each other. 

It is also preferable that at least two of a plurality of 
mutually cfifferent volume type diffraction gratings are 
multi-recorded in at least a part of the pixels. 

It is further preferable that a volume type diffraction 30 
grating that expresses red, a volume type diffraction 
grating that expresses green, and a volume type diffrac- 
tion grating that expresses blue are assigned to three 
dot areas into which at least a part of the pixels is 
divided, or to three adjoining pixels, so that color tone or 35 
gradation is controlled by varying, a dot percent, occu^ 
pied by said volume type diffraction gratings, or a dif- 
fraction efficiency ratio between said volume type 
diffraction gratings. 

The hologram-recorded medium of the present 40 
invention may have a reflecting layer on its back side. 

Each of pixels in the hologram-recorded medium of 
the present invention may be of diffusibility. 

The hologram-recorded medium of the present 
invention as mentioned above may be used as a ref lec- 45 
tion type hologram color filter. 

Such a hologram-recorded medium of the present 
invention is fabricated as recited belowr * 

(1) A method of fabricating a hologram-recorded so 
medium characterized by stacking a volume holo- 
gram photosensitive material on a reflection type 
relief hologram, and striking reconstructing illumi- 
nation light of given wavelength on said reflection 
type relief hologram through said volume hologram ss 
photosensitive material, so that interference fringes 
produced by interference of light diffracted from 
said reflection type relief hologram and the incident 



light are recorded in said volume hologram photo- 
sensitive material. 

(2) A method of fabricating a hologram-recorded 
medium characterized by stacking a volume holo- 
gram photosensitive material on a transmission 
type hologram, and striking reconstructing illumina- 
tion light of given wavelength on a side of said 
transmission type hologram that is not opposite to 
said volume hologram photosensitive material, so 
that interference fringes produced by interference 
of light diffracted from said transmission type holo- 
gram and reference light incident on said volume 
hologram photosensitive material are recorded in 
said volume hologram photosensitive material. 

(3) A method of fabricating a hologram-recorded 
medium characterized by stacking a volume holo- 
gram photosensitive material on a transmission 
type hologram, and striking reconstructing illumina- 
tion light of given wavelength on a side of said 
transmission type hologram that is not opposite to 
said volume hologram photosensitive material, so 
that interference fringes produced by interference 
of light diffracted from said transmission type holo- 
gram and zero-order transmitted light are recorded 
in said volume hologram photosensitive material, 
followed by provision of a reflecting layer on a back 
side of said volume hologram photosensitive mate- 
rial. 

(4) A method of fabricating a hologram-recorded 
medium characterized by locating a mask plate 
having an opening pattern on one side of a volume 
hologram photosensitive material and a reflecting 
mirror on another side of said volume hologram 
photosensitive material, said reflecting mirror hav- 
ing a specific angle of inclination wfth respect to 
said volume hologram photosensitive material, and 
striking a light beam on said volume hologram pho- 
tosensitive material through said opening pattern in 
said mask plate, so that interference fringes pro- 
duced by interference of the incident light and light 
reflected from said reflecting mirror are recorded in 
said volume hologram photosensitive material. 

(5) A method of fabricating a hologram-recorded 
medium characterized by locating a mask plate 
having an opening pattern on one side of a volume 
hologram photosensitive material and an off-axis 
reflection type hologram on another side of said vol- 
ume hologram photosensitive material . said off-axis ; 
reflection type hologram diffracting a light beam 
incident at a given angle of incidence in an opposite 
direction at a specific angle wfth respect thereto, 
and striking a light beam on said volume hologram 
photosensitive material through said opening pat- 
tern in said mask plate, so that interference fringes 
produced by interference of the incident light and 
light diffracted from said off-axis reflection type 
hologram are recorded in said volume hologram 
photosensitive material. 
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(6) A method of fabricating a hologram-recorded 
medium characterized by locating a composite 
reflector comprising a collection of micro-mirror sur- 
faces varying in reflection direction per position on 
a back side of a volume hologram photosensitive 
material, and striking a light beam on a surface side 
of said volume hologram photosensitive material, 
so that interference fringes produced by interfer- 
ence of the incident light and light reflected from 
said composite reflector are recorded in said vol- 
ume hologram photosensitive material. 

(7) A method of fabricating a hologram-recorded 
medium characterized by striking two coherent thin 
light beams at a position of each of pixels in a vol- 
ume hologram photosensitive material while said 
beams intersect at a relative angle corresponding 
to said position, thereby recording in said volume 
hologram photosensitive material interference 
fringes having an inclination and a pitch depending 
on said pixel position. 

The hologram color display medium of the present 
invention - which is provided to achieve the aforesaid 
objection - is a hologram color display medium having 
interference fringes of light recorded in a thickness 
direction of a film, characterized by using two swelling 
films each containing a penetrating monomer or oli- 
gomer that is diffusible externally from a surface of said 
film, said penetrating monomer or oligomer being deac- 
tivated according to a given deactivation pattern, so that 
said hologram is swollen by said penetrating monomer 
or oligomer diffused from both surfaces of said holo- 
gram at different degrees of swelling depending on posi- 
tion. 

In this case, it is preferable that the aforesaid two 
swelling films are brought into dose contact with both 
surfaces of the aforesaid hologram, so that a two- 
dimensional diffraction pattern of two or more colors is 
obtained by the combination of a deactivation pattern of 
one swelling film with that of another swelling film. 

A color image may be expressed by means of a col- 
lection of color display micro-units, each comprising a 
combination of two or more micro-pixels displaying two 
or more different colors, and the dot percent of dots in 
each color display micro-unit may be varied to express 
each color display micro-unit in any desired color by 
additive color mixing. If, in this case, the interference 
fringes recorded in the hologram is designed such that 
diffraction efficiency changes depending on the posi- 
tions of the color display micro-units, or the hologram 
itself or its diffraction-side surface is designed such that 
absorptance changes depending on the positions of the 
color display micro-units, it is then possible to control 
the brightness or luminance of each color display micro- 
unit. 

It is preferable that the hologram is a volume phase 
type hologram, and it is then preferable that the holo- 
gram is a hologram recorded in a photopolymer. 



Also, the hologram color display medium of the 
present invention may be of diffusibility. 

Such a hologram color display medium of the 
present invention as mentioned above may be used in 
5 the form of a reflection type hologram color filter. 

Further, the present invention provides a first 
method of fabricating a hologram color display medium 
including a hologram having interference fringes of light 
recorded in a thickness direction of a film, wherein two 
10 swelling films each containing a penetrating monomer 
or oligomer that is diffusible ©eternally from a surface of 
said film, said penetrating monomer or oligomer being 
deactivated according to a given deactivation pattern, 
are used so that said hologram is swollen by said pene- 
15 trating monomer or oligomer diffused from both sur- 
faces of said hologram at different degrees of swelling 
depending on position, characterized in that before or 
after the close contact of the two swelling films, in which 
the penetrating monomer or oligomer contained in that 
20 position is deactivated by irradiation of a given or more 
quantity of light, with both surfaces of said hologram, 
said two swelling films are irradiated according to said 
given deactivation pattern with a given or more quantity 
of light, and said hologram with the thus deactivated 
25 swelling films brought into close contact with both sur- 
faces thereof is heated, thereby diffusing said penetrat- 
ing monomer or oligomer from active areas of said 
swelling films into said hologram. 

Furthermore, the present invention provides a sec- 
30 ond method of fabricating a hologram color display 
medium including a hologram having interference 
fringes of light recorded in a thickness direction of a film, 
wherein two swelling films each containing a penetrat- 
ing monomer or oligomer that is diffusible externally 
35 from a surface of said film, said penetrating monomer or 
oligomer being deactivated according to a given deacti- 
vation pattern, are used so that said hologram is swollen 
by said penetrating monomer or oligomer diffused from 
both surfaces of said hologram at different degrees of 
40 swelling depending on position, characterized in that 
before or after the close contact of one swelling film, in 
which the penetrating monomer or oligomer contained 
in that position is deactivated by irradiation of a given or 
more quantity of light, with one surface of said holo- 
45 gram, said one swelling film is irradiated according to 
said given deactivation pattern with a given or more 
quantity of light; said hologram with the thus deactivated 
sweHing- film brought into close contact with said one 
surface is heated, thereby diffusing said penetrating 
so monomer or oligomer from an active area of said one 
swelling film into said hologram; before or after the close 
contact of another swelling film, in which the penetrating 
monomer or oligomer contained in that position is deac- 
tivated by irradiation of a given or more quantity of light, 
55 with another surface of said hologram, said another 
swelling film is irradiated according to said given deacti- 
vation pattern with a given or more quantity of light; said 
hologram with the thus deactivated swelling film brought 
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into dose contact with said another surface is again 
heated, thereby diffusing said penetrating monomer or 
oligomer from an active area of said another swelling 
film into said hologram. 

In these methods, it is preferable that the hologram 
is a volume phase type hologram, and it is then prefera- 
ble that the hologram is a hologram recorded in a pho- 
topolymer. 

Still other objects and advantages of the invention 
will in part be obvious and will in part be apparent from 
the specification. 

The invention accordingly comprises the features of 
construction, combinations of elements, and arrange- 
ment of parts which will be exemplified in the construc- 
tion hereinafter set forth, and the scope of the invention 
will be indicated in the claims. 

Figure 1 illustrates a typical arrangement of how to 
record a reflection type diffuse hologram according to 
the invention. 

Figure 2 is a schematic which shows that the reflec- 
tion type diffuse hologram depicted in Figure 1 has the 
ability to diffuse. 

Figure 3 provides an illustration of how the reflec- 
tion type diffuse hologram of the invention is located for 
a brake lamp or direction indicator lamp, and what effect 
is obtained in this case. 

Figure 4 provides an illustration of how the reflec- 
tion type diffuse hologram of the invention is located for 
backlighting a liquid crystal display device, and what 
effect is obtained in this case. 

Figure 5 illustrates a typical arrangement of how to 
record a reflection type diffuse hologram using an array 
of microlenses or a lenticular screen in place of a diffus- 
ing plate. 

Figure 6 provides an illustration of how to make an 
exemplary* reflection type diffuse hologram of theinveri- - 
tion. 

Figure 7 is a graph of how the angle of diffusion of 
a reflection type diffuse hologram changes as the haze 
of a diffusing plate changes. 

Figure 8 is a sectional schematic showing one 
embodiment of a reflection type of direct-view color dis- 
play device using a hologram color filter of the invention. 

Figure 9 is an exploded perspective schematic of 
one embodiment of a reflection type color display device 
of the invention. 

Figure 10 provides an illustration of how to record a 
volume' type reflection hologram, and the action of this* 1 
volume reflection hologram. 

Figure 11 is a schematic illustrating the construc- 
tion, and action of a reflection type hologram color filter 
used in the invention. 

Figure 12 is a sectional schematic of one modifica- 
tion of the display device depicted in Figure 9, which is 
designed so that color information can be displayed 
even by backlight illumination. 

Figure 13 provides illustrations of how hologram 
elements of a reflection type hologram color filter are 



two-dimensionally arranged. 

Figure 14 provides illustrations of an exemplary 
construction of a hologram-recording medium accord- 
ing to the invention. 
5 Figure 1 5 is schematics for illustrating one area gra- 

dation method for changing color tone by dot percent 
changes. 

Figure 16 is schematics for illustrating another area 
gradation method for changing color tone by dot percent 
w changes. 

Figure 17 is schematics for illustrating a density 
gradation method for controlling color tone, and grada- 
tion by placing the eff iciency of diffraction of interference 
fringes under control. 
15 Figure 18 illustrates how to make a hologram- 
recorded medium from a computer-generated hologram 
by replication. 

Figure 19 is a sectional schematic of a typical holo- 
gram-recorded medium made using a transmission type 
20 computer-generated hologram. 

Figure 20 illustrates how to fabricate a hologram- 
recorded medium using a mask pattern, and an inclined 
plane mirror. 

Rgure 21 illustrates how to fabricate a hologram- 
25 recorded medium using a mask pattern, and an off-axis 
reflection type hologram. 

Rgure 22 illustrates how to fabricate a hologram- 
recorded medium using a group of micro-mirrors that 
vary in reflection direction per position. 
30 Rgure 23 illustrates how to fabricate a hologram- 
recorded medium while two coherent light beams are 
moved relatively with respect to the hologram-recording 
medium. 

Rgure 24 illustrates the first principle of the method 
35 for fabricating a hologram color display medium of the 
. : ' ■ invention. / . — 

Rgure 25 illustrates the second principle of the 
method for fabricating a hologram color display device 
of the invention. 
40 Rgure 26 is a graph showing a diffraction efficiency 
profile of a first embodiment of the volume hologram of 
the invention. 

Rgure 27 is a graph showing a diffraction efficiency 
profile of a second embodiment of the volume holo- 
45 gram. 

Rgure 28 is a sectional schematic of a liquid crystal 
display device using a conventional hologram color f il- 
ten ■ -* * ■ :..*v-*-^k ■ ■■- -= 

Rgure 29 illustrates one method of fabricating a 
so conventional hologram color display medium. 

Rgure 30 illustrates another method of fabricating a 
conventional hologram color display medium. 

Reference will now be made to the fundamental 
principles of the reflection type diffuse hologram of the 
55 present invention as well as somie embodiments 
thereof. 

Rgure 1 illustrates a typical arrangement of how to 
record a reflection type diffuse hologram according to 
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the present invention. As shown, a diffusing plate 2 hav- 
ing a diffusion angle e (a maximum diffusion angle) is 
located into close contact with a hologram photosensi- 
tive material 1 such as a photopolymer which can 
record a volume hologram therein. Parallel light 3 is 5 
obliquely incident on the photosensitive material 1 at an 
angle of incidence a, while parallel light 4 is perpendic- 
ularly incident on the diffusing plate 2. Thereupon, the 
parallel light 4 passes through the diffusing plate 2 to 
become diffused light 5 having a diffusion angle e, 10 
which, in the photosensitive material 1 , in turn interferes 
with the oblique parallel light 3 incident thereon from the 
opposite direction to produce interference fringes. In 
this way, a reflection (or Lippmann) type hologram is 
formed. 1S 

As depicted in Figure 2, parallel illumination light 1 1 
is incident on a reflection type hologram 10 formed as 
depicted in Figure 1 at the same angle of incidence a at 
which the parallel light 3 has been incident obliquely on 
the material 1 to record the hologram 10, whereupon 20 
diffused light 1 2 whose diffusion angle 6 is the same as 
that of the diffused light 5 used to record the hologram 
10 is reflected, and diffracted from the reflection type 
hologram 10. 

Consider now the case where such a reflection type 25 
hologram 10 is mounted on a rear portion of a car 13 as 
sketched in Figure 3 as an example. Light from a light 
source 14 is converted through an optical system 15 
(e.g., a paraboloidal mirror) into parallel light 16 to illu- 
minate the reflection type hologram 10 obliquely from so 
above. Then, the light 16 is reflected, and diffracted in 
the rearward direction of car 1 3 while the diffusion angle 
is limited to a desired angle of ±e, thereby showing that 
the preceding car is about to apply a brake or change 
direction. In addition, the use of such a reflection type 35 

diffuse hologram makes it possiblejo limit-the diffusion. . 

angle within the preselected range, as mentioned 
above, so that the diffusion of light at an angle larger 
than required can be avoided to prevent wasteful con- 
sumption of light from the lamp. Thus, distinct, and 40 
bright indication is available. 

Alternatively, such a reflection type hologram 10 as 
mentioned above may be located on a backlight side of 
a liquid crystal display device 1 7 as depicted in Figure 4, 
for instance. Light from a light source 14 is converted 45 
through an optical system 15 (e.g., a paraboloidal mir- 
ror) into parallel light 16 to illuminate the reflection type 
hologram 10 obliquely-from above. Thereupon,- the light 
1 6 is diffracted, and reflected onto the liquid crystal dis- 
play device 17 while the diffusion angle is limited to the so 
desired angle of ±e, so that the light 16 can arrive at the 
viewer through a transparent portion of the liquid crystal 
display device 1 7. In this case, too, the viewing angle of 
the liquid crystal display device spreads out to the angle 
±q. but the backlight is confined within the desired angle ss 
range, so that wasteful consumption of illumination light 
can be avoided. 

In the case of Figure 1 , the reflection type diffuse 



hologram of the present invention is recorded using the 
diffusing plate 2 having a limited diffusion angle. 
Instead, an array of microlenses or a lenticular screen 
22, as depicted in Figure 5, may be used as a diffuse 
optical element. It is noted that the array of microlenses 
is an arrangement wherein axially symmetric micro- 
lenses are two-dimensionally located, and the lenticular 
screen is an arrangement wherein cylindrical micro- 
lenses are one-dimensionally located, each as shown in 
section in Figure 5. In this case, there is obtained a 
reflection type diffuse hologram with a diffusion angle 8 
corresponding to the collection or divergence angle of 
the microlenses or cylindrical microlenses forming the 
array or lenticular screen 22. 

An account will then be given of specific embodi- 
ments of fabricating such reflection type diffuse holo- 
grams as mentioned above. As sketched in Figure 6, a 
glass substrate 20 was coated thereon with a photosen- 
sitive material 1, for instance, Omnidex 706 (a photo- 
sensitive film made by Du Pont, U.S.A.), and a PET film 
21 in the form of a cover film was applied on the material 
1. Then, a diffusing plate 2 formed of a non-glare film 
having a haze of 25.7% was brought into close contact 
with the PET film 21 with an index-matching liquid 23 
composed of xylene located between them. After this, 
the diffusing plate 2 was irradiated in the normal direc- 
tion with object light 4 defined by a parallel beam of Kr 
laser light (of 647 nm wavelength) and, at the same 
time, the glass substrate 20 was irradiated at an angle 
of incidence of 60° with respect to the normal direction 
with reference light 3 defined by a parallel beam of the 
same Kr laser light. The ratio between the reference 
light and the object light was 1:1, and the combined 
exposure of the two light beams 3 and 4 was 200 
mJ/cm 2 . Upon removed from the diffusing plate 2, the 
.photosensitive material X was Jrradiated with"; .100 .,/. 
mJ/cm 2 of ultraviolet rays, and then heated at 120°C for 
2 hours to obtain a reflection type diffuse hologram hav- 
ing a diffraction efficiency of 65% and a diffraction peak 
wavelength of 647 nm, and reflecting and diffracting 
parallel light at a diffusion angle of 12°, said parallel light 
incident at an angle of incidence of 60°. Notice that dif- 
fraction efficiency was determined by measuring trans- 
mittance with an automatic recording 
spectrophotometer (UV-3100PC made by Shimadzu 
Corporation), and subtracting that transmittance from 
100%, and haze was expressed by a value found with 
NDH-1 001 DP made by Nippon £>ensh©ku*Go.. Ltd. - 

In the same manner as mentioned above, reflection 
type diffuse holograms were fabricated using diffusing 
plates 2 with varying hazes. As a result, such diffusion 
angle characteristics as plotted in Figure 7 were 
obtained. In Figure 7, black dots represent the diffusion 
angle characteristics of the diffuse plates 2 themselves, 
white dots the diffusion angle characteristics of the fab- 
ricated reflection type diffuse holograms as found in a 
direction perpendicular to the drawing sheet of Fig. 2, 
and white square dots the diffusion angle characteris- 
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tics of them as found in a plane of the drawing sheet of 
Fig. 2. From this graph, it is understood that to obtain 
the diffusion angles of 10° to 35° needed for diffusing 
plates used for backlighting liquid crystal display 
devices, and used on automotive brake lamps or direc- 5 
tion indicator lamps, it is desired that the haze of the dif- 
fusing plate 2 used be 20 to 60%. 

It is here noted that the reflection type diffuse holo- 
gram according to the present invention is a Lippmann 
type hologram. Therefore, it is also possible to achieve 10 
a reflection type hologram 10 capable of reconstructing 
not only diffused light 12 but also an image such as a 
3M image by using the same reference light 3 as used 
to record scattered light 5 from the diffusing plate 2 or 
the micro-lens array or lenticular screen 22 and, before is 
or after recording it t allowing object light to strike from 
behind the photosensitive material 1 , said object light 
forming an image such a character or picture image in 
front of the photosensitive material 1 (on the side on 
which the reference light 3 is incident), thereby multi- 20 
recording them in the photosensitive material 1 . 

While the reflection type diffuse hologram of the 
present invention, and its fabrication method have been 
described with reference to its principles and some spe- 
cific embodiments, it is understood that the present 25 
invention is not limited thereto, and so various modifica- 
tions may be possible. 

As can be seen from the foregoing explanations, 
the aforesaid reflection type diffuse hologram of the 
present invention is fabricated by the incidence of dif- 30 
fuse light diffusing within the desired angle range and 
parallel light on both sides of a volume hologram- 
recording photosensitive material wherein they inter- 
fere. It is thus possible to prevent light from a light 
source from diffusing at an angle larger than required, 35 
..." avoiding wasteful consumption of thelight fronxthe light 
source, and making bright displays and indications pos- 
sible. Since the diffusing plate is a volume hologram, rt 
is further possible to achieve easy fabrication of diffus- 
ing plates having given characteristics by replication. 40 

Reference will then be made to a specific example 
of a reflection type of direct-view color display device 
making use of the hologram color f flter according to the 
present invention. 

Figure 8 is a sectional schematic of one embodi- 45 
ment of a reflection type of direct-view color display 
device constructed using a hologram color filter, for 
instance, one shown in Figure 28. As illustrated-a-holo- 
gram color filter 55 is spaced away from a side of a 
transmission type spatial light modulator 36 on which so 
ambient illumination light 33 is to strike, said modulator 
comprising a liquid crystal display element, a polymer- 
dispersed type liquid crystal (PDLC) display element, 
etc., which is regularly divided into pixels 36'. On the 
back side of the transmission type spatial light modula- ss 
tor 36 there is located a reflection type hologram 30 
which will be described at great length, with a light- 
absorbing layer 35 mounted on the back side of the 
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hologram 30. A black matrix 54 is interposed between 
adjoining pixels 36* in the transmission type spatial light 
modulator 36. It is here noted that the distance between 
the hologram color filter 55 and the reflection type holo- 
gram 30 is selected such that it is substantially equal to 
the light-collecting (focal) distance of each micro-holo- 
gram 55'. 

In this case, too, the hologram color filter 55 com- 
prises micro-holograms 55' which are arranged in an 
array form at the same pitch as that of R. G, and B spec- 
tral pixels, corresponding to the period of repetition of R, 
G, and B spectral pixels in the transmission type spatial 
light modulator 36, i.e., sets of three adjoining pixels 36' 
in the transmission type spatial light modulator 36, as 
viewed in a plane of the drawing sheet. One micro-holo- 
gram 55' is located in line with each set of three adjoin- 
ing pixels 36* in the transmission type spatial light 
modulator 36, as viewed in the plane of the drawing 
sheet. The micro-holograms 55' are then arranged in a 
Fresnel zone plate form such that a green component 
ray 31 G of illumination light 33 incident on the hologram 
color filter 55 at an angle 0 with respect to its normal line 
is collected in the vicinity of a middle G pixel of the three 
R, G, and B pixels corresponding to each micro-holo- 
gram 55'. Each or the micro-hologram 55* in this case is 
constructed from a relief, phase, amplitude or other 
transmission type of hologram which has little, if any, 
dependence of diffraction efficient on wavelength. The 
wording "little, if any, dependence of diffraction effi- 
ciency on wavelength" used herein is understood to 
refer specifically to a hologram of the type which dif- 
fracts all wavelengths by one diffraction grating, much 
unlike a Lippmann type hologram which diffracts a par- 
ticular wavelength alone but does not substantially per- 
mit other wavelengths to be transmitted therethrough. 
..The diffraction grating having little dependence of:Tlrf- . 
fraction efficiency on wavelength diffracts different 
wavelengths at different angles of diffraction. 

In such an arrangement, consider now the case 
where the ambient light 33 strikes at an angle of inci- 
dence e on the surface side of the hologram color filter 
55. The light 33 is subject to wavelength dispersion by 
the hologram color filter 55. so that the light collection 
positions for wavelengths are dispersed in a direction 
parallel with the plane of the hologram color filter 55. If, 
in this case, the hologram color filter 55 is constructed 
and arranged such that red. green, and blue wavelength 
-components 31 R. 31 G, and 31B are diffractively col- 
lected in the vicinity of the surface of the reflection type 
hologram 30 at positions of the pixels R. G, and B dis- 
playing red, green, and blue, respectively, the color 
components pass through the associated pixels 36' 
without undergoing substantial attenuation by the black 
matrices 54, and then arrive at the reflection type holo- 
gram 30 at the associated positions. 

Here, the reflection type hologram 30 is a volume 
phase (Lippmann) type hologram, and interference 
fringes 30R, 30G, and 30B in the reflection type holo- 
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gram 30 - which lie in the vicinity of positions where red, 
green, and blue diffracted components 31 R. 31G, and 
31 B corresponding to the ambient light 33 having an 
angle of incidence 9 are collected - are formed to sepa- 
rately reflect light of red wavelength, light of green wave- 5 
length, and light of blue wavelength, respectively. In 
addition, the interference fringes 30R, 30G, and 30B are 
inclined such that the aforesaid red, green and blue dif- 
fracted components 31 R, 31G, and 31 B are converted 
by diffraction and reflection into reflected light 32 R, 10 
32G, and 32B, respectively, which in turn propagate in a 
substantially identical direction. 

Incidentally, some ambient light 33 incident on the 
hologram color filter 55 within an angle range of e ± A in 
the vicinity of the angle of incidence 6, too, is subject to 15 
wavelength dispersion by the hologram color filter 55, 
and hence to color separation as is the case with the 
color components 31 R, 31G, and 31 B. However, this 
light is diffracted at an angle different from that indicated 
by solid lines in Figure 8. In Figure 8 only principal rays 20 
of the green component are indicated by broken lines. 
For each color component, however, such principal rays 
are distributed in the vicinity of both sides of the direc- 
tion of dispersion of diffracted component 31 R, 31 G or 
31 B, when the angle of incidence is e. Accordingly, such 25 
diffracted components, too, should be reflected, and dif- 
fracted in the same direction as in the case of the 
reflected light 32R, 32G, and 32B. To achieve this, the 
interference fringes 30R, 30G, and 30B in the reflection 
type hologram, too t are continuously formed and distrib- 30 
uted at positions corresponding to the pixels R, G, and 
B. 

Thus, all the ambient light 33 striking on the holo- 
gram color filter 55 not only at the angle of incidence 6 
but also within the angle range of 6 ± A are subject to 35 
-wavelength dispersiorMhereby. Of. the ambient Iight33,_ ... 
the red wavelength component 31 R strikes on the red- 
displaying pixel R where it is subject to intensity modu- 
lation depending on the state of that pixel, and then 
passes therethrough. This transmitted component is 40 
reflected by the interference fringe 30R in the reflection 
type hologram 30 into reflected light 32R in a certain 
direction, which in turn passes back through the pixel R 
from its rear side, and then strikes on, and passes 
through, the hologram color filter 55 without being now 45 
hardly diffracted, finally striking on the eye of the viewer 
positioned in that direction. The same is also true of the 
green^and biue wavelength components 31G ; and-31 B ^ - 
subject to spectral diffraction by the hologram color filter 
55. Specifically, they strike on the green, and blue-dis- so 
playing pixels G, and B where they are subject to inten- 
sity modulation depending on the states of those pixels, 
and then pass therethrough. The transmitted compo- 
nents are reflected by the interference fringes 30G, and 
30B into reflected light 32G, and 32B in a certain direc- ss 
tion, which in turn pass back through the pixels G, and 
B from their rear sides, and then strike on, and pass, 
through the hologram color filter 55 without being now 



hardly diffracted, finally striking on the eye of viewer 
positioned in that direction. It is thus possible to display 
color images by the combination of modulated states of 
the pixels R, G, and B. It is here noted that one part of 
ambient light 33 departing from the angle range of 0 ± A, 
too, is diffracted by the hologram color filter 55, but 
another part passes therethrough, reaching the reflec- 
tion type hologram 30. However, since the direction of 
incidence and wavelength of the latter part do not com- 
ply with the diffraction conditions for the interference 
fringes 30R, 30G, and 30G, it passes through the reflec- 
tion type hologram 30 to the light-absorbing layer 35 
where it is absorbed; that is, it cannot be reflected onto 
the viewer. 

By using the hologram color filter 55 and reflection 
type hologram 30 in combination with the transmission 
type spatial light modulator 36 comprising a collection of 
pixels, for instance, a liquid crystal display device, it is 
thus possible to achieve a reflection type of direct-view 
color display device such as a color liquid crystal display 
device, which can use ambient light to present bright 
displays without using any backlight source. 

While the reflection type of direct-view display 
device making use of the hologram color filter of the 
present invention has been described with reference to 
the specific embodiment, it is understood that the 
present invention is not limited thereto, and so various 
modifications may be possible. 

As can be seen from the foregoing explanations, 
the hologram color filter of the present invention can be 
used with a reflection type hologram and in combination 
with a transmission type spatial light modulator compris- 
ing a collection of pixels such as a liquid crystal display 
device, thereby achieving a reflection type of direct-view 
color display device such as a color liquid crystal display 
device, whrch can use. ambient light Jo .present bright 
displays without using any backlight source. 

Another embodiment of the reflection type color liq- 
uid crystal display device according to the present 
invention will now be explained. 

Prior to making an explanation of that embodiment, 
a brief account will be given of a volume type reflection 
hologram used on a hologram reflection layer. Figure 10 
is a perspective view for illustrating how to record a vol- 
ume type reflection hologram, and the action thereof. In 
Figure 10(a), consider now that coherent parallel object 
light 71 , and reference light 72, each of wavelength Ae, 
-strike at angles of incidence of 8+ ,-and 6 2 on both sides 
of a photopolymer or other hologram photosensitive 
material 80 that is thick with respect to the spatial fre- 
quency. (It is noted that the index B represents the 
wavelength of a blue zone, and that indices G , and R will 
hereinafter stand for the wavelengths of green, and red 
zones). They interfere to record parallel uniform interfer- 
ence fringes in the photosensitive material 80. As 
depicted in Figure 10(b), only illumination light having 
the same angle of incidence 9-j as that of the object light 
71 used for recording or only components of ambient 
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light 73 with a wavelength lying at and in the vicinity of 
X B are selectively reflected, and diffracted by the thus 
recorded hologram 80', and the thus reflected, and dif- 
fracted light 74 propagates at an exit angle e 2 and sub- 
stantially in the same direction as the propagation 5 
direction of the reference light 72 used for recording. 
However, light components 75 having other wave- 
lengths Xq and Xr, and light components striking at 
angles of incidence other than e n are allowed to pass 
through the hologram 80'. The same is also true of holo- w 
grams recorded using other wavelengths Xq, and X R . 

Thus, the volume type reflection hologram is excel- 
lent in the ability to select wavelength, and angle, and so 
can control the half bandwidth of a diffraction wave- 
length region, the range of diffraction direction, etc. to 15 
some extent by selection of photosensitive material 
thickness, recording conditions, post-treatment condi- 
tions, etc. 

Here consider now a composite reflection hologram 

81 fabricated by periodically arranging sets of three 20 
micro-holograms with diffraction wavelengths lying in 
the blue, green, and red regions in an array form. As 
depicted in Figure 11, illumination light or ambient light 

82 is reflected, and diffracted by the composite reflec- 
tion hologram 81 upon striking thereon from a given 25 
direction, and the thus reflected, and diffracted light 83 
propagates in a given direction. However, a blue-reflect- 
ing and -diffracting hologram element 81 B in the com- 
posite reflection hologram 81 diffracts only wavelength 

X B lying in the blue region in a direction thereof. Like- 30 
wise, a green-reflecting and -diffracting hologram ele- 
ment 81 G in the composite reflection hologram 81 
diffracts only wavelength. Xq lying in the green region in 
a direction thereof, while a red-reflecting and -diffracting 
hologram element 81 R diffracts only wavelength X R 35 
: ryfrigTh the red region in: a direction thereof. It follows 
that the composite reflection hologram 81 can act as a 
reflection type hologram color filter comprising reflection 
filter elements 81 R. 81 G t and 81 B of the three primary 
colors R, G, and B. 40 

Figure 9 is an exploded, perspective schematic of 
one embodiment of the reflection type color display 
device fabricated using such a reflection type hologram 
color filter 81 according to the present invention. As 
illustrated, such a reflection type hologram color filter 81 45 
as mentioned above is located on the back side of a 
transmission type spatial light modulator 85 built up of a 
1 liquid crystal displayelement. a polymer-dispersed type 
liquid crystal (PDLC) display element, etc., which is reg- 
ularly divided into pixels 85\ and an absorption layer 87 so 
is positioned on the back side of the reflection type color 
filter 81 . These transmission type spatial light modulator 
85, reflection type hologram color filter 81. and absorp- 
tion layer 87 may be assembled with or without some 
gaps between them. A black matrix 86 is interposed ss 
between adjoining pixels 85* in the transmission type 
spatial light modulator 85. Three adjoining pixels 85* in 
the transmission type spatial light modulator 85 consti- 



tute together one color display unit 88, in which pixels B, 
G, and R are blue, green, and red displaying pixels, 
respectively. Then, the elements forming the reflection 
type hologram color filter 81 are arranged such that 
these blue, green, and red displaying pixels B, G, and R 
in the transmission type spatial light modulator 85 corre- 
spond to the blue, green, and red reflecting filter ele- 
ments 81 B, 81 G, and 81 R in the reflection type 
hologram color filter 81. 

Upon illumination light or ambient light striking on 
the surface side of the transmission type spatial light 
modulator 85 in the reflection type color display device 
assembled as mentioned above, a component 82 of the 
ambient light that strikes thereon at a given angle of 
incidence passes through the pixels B, G, and R in the 
transmission type spatial light modulation 85 while it is 
subject to intensity modulation depending on their 
states. At this time, wavelength components Xb. Xq, and 
X R in the ambient light 82 are subject to intensity modu- 
lation at the same proportion for each pixel B, G, and R. 
Reference is here made to the light 82 that has passed 
through the pixels B, G, and R while it has been subject 
to intensity modulation. The light 82 which has passed 
through the blue-displaying pixel B strikes on the blue- 
reflecting filter element 81 B where only a blue wave- 
length component X B thereof is selectively reflected, 
and diffracted in a given direction. Then, the thus 
reflected, and diffracted light passes back through the 
blue-displaying pixel B while it is again subject to the 
same modulation, so that the pixel B emits blue light 
89B. However, wavelength components that are not dif- 
fracted by the filter element 81 B, i.e., Xq, and X R pass 
through the filter element 81 B. and are absorbed by the 
absorption layer 87 mounted on the back side of the 
reflection type hologram color filter 81 . Likewise, the 
1191^82, which has passed .through the greenrdisplaying. 
pixel G while it has been subject to intensity modulation 
thereby, strikes on the green-reflecting fitter element 
81 G where only a green wavelength component Xq is 
selectively reflected, and diffracted in a given direction. 
Then, the thus reflected, and diffracted light passes 
back through the green-displaying pixel G while it is 
again subject to the same modulation, so that the pixel 
G emits green light 89G substantially in the same direc- 
tion as that of the blue light 89B the pixel B emits. Again 
likewise, the light 82. which has passed through the red- 
displaying pixel R while it has been subject to intensity 
modulation^ thereby, strikes on the red-reflecting fitter 
element 81 R where only a red wavelength component 
X R is selectively reflected, and diffracted in a given 
direction. Then, the thus reflected, and diffracted light 
passes back through the red-displaying pixel R while it 
is again subject to the same modulation, so that the 
pixel R emits red light 89R substantially in the same 
direction as those of the green, and blue light 89B, and 
89G the pixels B, and G emit 

Depending on the combination of intensity modula- 
tion by the pixels R, G, and B in the color display unit 88, 
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it is thus possible to display any desired color with any 
desired luminance by the additive color mixing of the 
three displayed light 89B, 89G, and 89R. It is therefore 
possible to display a color image observable from the 
direction of the displayed light 89B, 89G, and 89 R 5 
depending on the combination of the two-dimensionally 
located color display units 88 upon displayed. 

Figure 12 is a sectional schematic of one modified 
embodiment of the display device shown in Figure 9, 
which enables images to be displayed even by use of 10 
illumination by backlight. The embodiment of Figure 12 
is similar to that of Figure 9 with the exception that an 
absorption filter 90 instead of the absorption layer 87 is 
located on the back side of the reflection type hologram 
color filter 81 , and a backlight source 91 is positioned on 15 
the back side of the filter 90. This absorption filter 90 is 
an array comprising an absorption filter element 90G 
capable of transmitting only light lying in the green 
region or only light lying in the green, and blue regions 
at a position of a blue-reflecting filter element 81 B in the 20 
reflection type hologram color filter 81 , an absorption fil- 
ter element 90R capable of transmitting only light lying 
in the red region or only light in the red, and green 
regions at a position of a green-reflecting filter element 
81 G, and an absorption filter element 90B capable of 25 
transmitting only light lying in the blue region or only 
light lying in the blue, and red regions at a position of a 
red-reflecting filter element 81 R. Correspondingly, a dis- 
play device-driving circuit is provided such that color 
information displayed on pixels 85* in the transmission 30 
type spatial light modulator 85 changes automatically, 
for instance, such that information B seen as blue when 
illuminated by the ambient Eight 82 changes automati- 
cally over to green information G when the backlight 
source 91 is put on, information G seen as green when 35 
iilumfnaf ed- by the ambient light 82 changes . automatic . ... 
cally over to red information R when the backlight 
source 91 is put on, and information R seen as red 
when illuminated by the ambient light 82 changes auto- 
matically over to blue information B when the backlight 40 
source 91 is put on. 

When the backlight source 91 is held off, therefore, 
it is possible to display a color image by use of illumina- 
tion by the ambient light 82, as explained with reference 
to Figure 9. Upon the backlight source 91 put on, the 45 
pixels B, G, and R change over to G, R, and B, so that 
color information displayed on each pixel changes. At a 
position whete-the pixel B is displayed in the case -.of the**^ •« 
reflection type, white light from the backlight source 91 
is reduced through the absorption filter element 90G to • so 
only light lying in the green region or only light lying in 
the green, and blue regions. Then, the light lying in the 
blue region is cut by the blue-reflecting filter element 
81 B, so that only the light lying in the green region 
passes through the absorption fitter 90, and the ref lec- ss 
tion type hologram color filter 81 . At this time, the green 
pixel emits green light 92G because the pixel B has 
changed over to the pixel G. Likewise, at a position 



where the pixel G is displayed in the case of the reflec- 
tion type, white light from the backlight source 91 is 
reduced through the absorption filter element 90R to 
only light lying in the red region or only light lying in the 
red, and green regions. Then, the light lying in the green 
region is cut by the green-reflecting filter element 81 G, 
so that only the light lying in the red region passes 
through the absorption filter 90, and the reflection type 
hologram color filter 81. At this time, the red pixel emits 
red light 92 R because the pixel G has changed over to 
the pixel R. Moreover, at a position where the pixel R is 
displayed in the case of the reflection type, the blue pixel 
emits blue light 92B. Depending on the combination of 
intensity modulation by the pixels R, G, and B in the 
color display unit 88 after the backlight source 91 is put 
on, it is thus possible to display any desired color with 
any desired luminance by the additive color mixing of 
the three displayed light 92B, 92G, and 92R. It is there- 
fore possible to display a color image depending on the 
combination of the two-dimensionally located color dis- 
play units 88 upon displayed. 

According to this embodiment, it is thus possible, 
and hence favorable, to display color images by use of 
illumination by ambient light in a bright environment, 
and by use of illumination by backlight in a dark environ- 
ment. It is noted that the present invention is not limited 
to the combination, as shown in Figure 12, of the color 
elements of the reflection type hologram color filter 81 
with the color elements of the absorption filter 90, and 
so other combinations may be possible. 

In this connection, it is noted that the reflection type 
diffraction hologram elements 81 B, 81G, and 81 R in the 
reflection type hologram color filter 81 are two-dimen- 
sionally arranged in alignment with the pixels B, G, and 
R in the transmission type spatial fight modulator 85 
used;. jwitlx. reflected: illumination light - in three., basic ~ 
matrix patterns as shown in Figure 13. The first is a 
matrix pattern called a striped type, as shown in Figure 
13(a), wherein hologram elements B, G, and R (indi- 
cated by 81 B, 81 G, and 81 R, respectively) appear 
repeatedly in each row. Notice that dotted fines given in 
Fig. 13(a) are not needed in actual applications. The 
second is a matrix pattern called a mosaic type, as 
shown in Figure 13(b), wherein the period of repetition 
of a set of hologram elements B, G, and R in one row is 
shifted by a lead or lag of 1/3 from that of a set of holo- 
gram elements B, G, and R in a row located just above. 
The-third is a matrix pattern called a-triangle or delta 
type, as shown in Figure 13(c), wherein the period of 
repetition of a set of hologram elements B; G, and R in 
one row is delayed by 1/2 from that of a set of hologram 
elements B, G, and R in a row located just above it. For 
color filter fabrication, the striped type matrix pattern is 
preferred because only the one-dimensionally arranged 
three types of striped_holograms need be provided. 

A ref lection type hologram color filter 81 comprising 
a two-dimensional arrangement of such reflection type 
hologram elements 81 B, 81 G, and 81 R as mentioned 
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above may be obtained by dividing one hologram photo- 
sensitive material to zones, and recording interference 
fringes at recording wavelengths Xs> ^g. and X R that 
vary for each zone by such a method as depicted in Fig- 
ure 10(a). However, it is preferable to use the method 5 
already proposed by the present applicant in Japanese 
Patent Application No. 120016/1993, wherein uniform 
interference fringes are recorded ail over the surface of 
a hologram photosensitive material such as a photopol- 
ymer, as shown in Figure 10(a) for instance, and a %o 
swelling film obtained by mixing a monomer or oligomer, 
a photopolymerization initiator, etc. with a binder poly- 
mer is then brought into close contact with the hologram 
photosensitive material with the uniform interference 
fringes recorded therein, so that the amount of the mon- 15 
omer or oligomer diffusing from the swelling film into the 
photosensitive material with the interference fringes 
recorded therein is controlled to regulate fringe spac- 
ings to a given amount. It is also preferable to use the 
method proposed by the present applicant in Japanese 20 
Patent Application No. 1 92020/1 996. 

As explained above, it is possible to obtain a reflec- 
tion type color display device such as a color liquid crys- 
tal display device which can use ambient light to present 
bright displays without recourse to any backlight source 25 
by using the reflection type hologram color filter 81 in 
combination with the transmission type spatial light 
modulator 85 comprising a collection of pixels, such as 
a liquid crystal display device or polymer-dispersed type 
liquid crystal display device. 30 

While the reflection type color display device of the 
present invention has been described specifically with 
reference to some embodiments, it is understood that 
the present invention is not limited to these embodi- 
ments, and so various modifications may be feasible. 35 
. For instaLnce, a cWventional. abisorption type ot. RGB 
color filter may be additionally used on either side of the 
transmission type spatial light modulator 85. 

According to the present invention as can be seen 
from the foregoing explanations, it is possible to obtain 40 
a reflection type color display device such as a color liq- 
uid crystal display device which can use ambient light to 
present bright displays without recourse to any backlight 
source by using the reflection type hologram color filter 
of the present invention in combination with a transmis- 45 
sion type spatial light modulator built up of a collection 
of pixels and having controllable transmrttance for each 
pixel; the former being located on the back side of the 
latter. 

The hologram-recorded medium of the present so 
invention which is applicable to the reflection type holo- 
gram 30 depicted in Figure 8, and the reflection type 
hologram color filter 81 depicted in Figure 9, and the 
principles and embodiments of fabricating the same will 
then be explained with reference to the drawings. ss 

Figure 14 illustrates an exemplified structure of the 
hologram-recorded medium of the present invention. 
Specifically, Figure 14(a) is a general plan view of the 



hologram-recorded medium shown at 101, Figure 14(b) 
is an enlarged view of an encircled small area in the 
hologram-recorded medium 101 shown in Figure 14(a). 
and Figure 14(c) is a sectional view taken along the line 
C-C in Figure 14(b). 

The hologram-recorded medium 101 comprises a 
volume (Lippmann) type hologram photosensitive mate- 
rial such as a photopolymer, and has a desired color 
pattern formed thereon, as shown in Figure 14(a). This 
color pattern is a full-color pattern, and develops colors 
for the reasons mentioned later. Alternatively, a plurality 
of color patterns may have been formed on the photo- 
sensitive material so that they can be seen in varying 
patterns depending on a viewing direction. As shown in 
Figure 14(b). the hologram-recorded medium 101 has 
its recorded area divided regularly into a micro-dot form 
of pixels 102. In the embodiment illustrated, the pixels 
are arranged in a gridiron pattern, but may not neces- 
sarily be limited to this pattern. For instance, the pixels 
may be in a piled pattern. One pixel 1 02 may be not only 
quadrangular but also circular, triangular or hexagonal 
in shape. 

In each pixel 102 there is recorded a volume type of 
interference fringe 103, as shown sctionally in Figure 
14(c). The interference fringes 103 usually comprise a 
spatial alternation of plane high, and low refractive index 
zones, which are arranged parallel at a constant pitch. 
Such interference fringes will hereinafter be called a 
Bragg grating 103. In Figure 14(c), four adjoining pixels 
102i to 102 4 are depicted for the purpose of illustrating 
schematically some possible configurations that the pix- 
els 102 can have as the Bragg grating 103. 

The pixels 102 1 and 102 2 have each the Bragg grat- 
ing 103 formed parallel with the recording surface, but 
they are different from each other in terms of pitch (grat- 
ing spacing): Consider jnow that light-strikes on the pix- 
els 102-j, and 102 2 . The incident light is diffracted in a 
direction in which the angles of incidence, and diffrac- 
tion are equal to each other with respect to the surface 
of the Bragg grating 103. Since only a light component 
of wavelength satisfying the Bragg condition is dif- 
fracted, however, the wavelength reflected, and dif- 
fracted by the pixel 102! is different from that reflected, 
and diffracted by the pixel 102 2 if the angle of incidence 
is identical. Therefore, if, with respect to a given angle of 
incidence, the wavelengths diffracted by the pixel 102-,, 
the pixel 102 2 , and a pixel (not shown) in which the 
Bragg grating 103<irffering in*pitch from those*of*the pix-^ 
els 102 1( and 102 2 is likewise formed parallel on the 
recording surfaced are assigned to blue, green, and red 
regions, respectively, it is then possible to record a color 
pattern of the three primary colors R, G, and B depend- 
ing on how the pixels 102 are combined. Notice that 
how to select color tone, and gradation will be described 
later. 

On the other hand, the pixels 102 3 and 102 4 are 
identical in terms of grating spacing, but differ in terms 
of the inclination of grating surface (fringe surface). The 
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angle of inclination, and the direction of grating surface 
can be freely selected. Incident light is diffracted by the 
Bragg grating 103 in a direction in which the angle of 
incidence, and the angle of diffraction are equal to each 
other with respect to the grating surface. Accordingly, 5 
since it is only when the Bragg grating 1 03 is at an angle 
satisfying the Bragg condition that only light of wave- 
length satisfying the Bragg condition can be seen in a 
constant viewing direction different from the direction of 
incidence of light, the pixels 102 3 , and 102 4 cannot 10 
simultaneously be observed in the same color when the 
direction of illumination is specified. In the case of mon- 
ochromatic illumination, the pixels 102 3 , and 102 4 can 
selectively be observed depending on a viewing direc- 
tion. By the combination of such pixels 102. it is thus 15 
possible to record a plurality of patterns which change 
depending on a viewing direction. It is here noted that 
since one Bragg grating 103 satisfies the Bragg condi- 
tion at a different wavelength when the angle of inci- 
dence varies, one pixel 102 3 or 102 4 changes color 20 
depending on a viewing direction if white light for illumi- 
nation diffuses in the illumination direction. 

By variously selecting the pitch, and inclination of 
the interference fringes 103 to be recorded in the pixels 
102, it is thus possible to freely select diffraction angle, 25 
and diffraction wavelength. By selecting the pitch, and 
inclination of the interference fringes 103 from predeter- 
mined combinations depending on the positions of the 
pixels 102, therefore, it is possible to record color pat- 
terns which change depending on a viewing direction. It 30 
is here noted that since a plurality of different interfer- 
ence fringes 103 recorded in a single pixel 102 in a 
superposed manner can be diffracted for reconstruc- 
tion, a plurality of color patterns can freely be recorded 
in a superposed manner without any limitation on 35 
~rec6i^g: ! ar^^^. 7 .t., >r t _ .- •, u .. .::;.. i .- :v: ::-::^.::. i r-: ; ;, 

In order to allow the hologram-recorded medium 
101 comprising a group of such pixels 102 to express 
halftone colors other than R (red), G (green), and B 
(blue) with any desired gradation, R, G, and B dot areas, 40 
and their dot percent may be varied to vary gradation, 
and color tone, as in the case of printing. It is here noted 
that the R, G, and B dots may be obtained by two meth- 
ods, i.e., by dividing a single pixel into three parts, and 
by associating a set of adjoining three pixels with dots 45 
R, G, and B. Both methods are essentially identical with 
each other. 

~ Figure 1 5 ^illustrates a typical area, gradation 
method wherein color tone is varied by varying dot per- 
cent. Figure 1 5(a) illustrates the case where the dot per^ so 
cent between a red dot 104R having interference 
fringes 103 recorded therein to express R, a green dot 
104G having interference fringes 103 recorded therein 
to express G, and a blue dot 104B having interference 
fringes 103 recorded therein to express B is 1:1:1 so ss 
that they are seen as white by additive color mixing. If, 
as depicted in Figure 15(b), the areas of the red, and 
blue dots 104R, and 104B are reduced with a corre- 



sponding increase in the area of the green dot 104G, 
these dots are then seen as green. As the area of the 
green dot 104G increases relatively, the green color is 
more enhanced in gradation. It is thus possible to 
express any desired color tone with any desired grada- 
tion by controlling the dot percent between the red, 
green, and blue dots 104R, 104G, and 104B. 

Figure 16 illustrates another dot area gradation 
method wherein dot percent is again varied to vary color 
tone. Of red, green, and blue dots 104R, 104G, and 
104B with their dot percent being 1:1:1 as depicted in 
Figure 16(a), the areas of the red, and blue dots 104R, 
and 104B are reduced by the interposition of blanks 
105, so that the area of the green dot 104G increases 
relatively. The larger the area of the green dot 10G, the 
more enhanced the green color is in gradation. This 
method is similar to an ordinary color printing method, 
and makes it possible to express any desired color tone 
with any desired gradation by controlling the dot percent 
between the red, green, and blue dots 104R, 104G, and 
104B. 

Figure 17 illustrates a density, not area, gradation 
method wherein the diffraction efficiency of interference 
fringes 103 is regulated to any desired value when 
recording the interference fringes 103, thereby control- 
ling color tone, and gradation. The dot percent between 
a red dot 104R having interference fringes 1 03 recorded 
therein to express R, a green dot 104G having interfer- 
ence fringes 103 recorded therein to express G, and a 
blue dot 104B having interference fringes 103 recorded 
therein to express B remains fixed at 1:1:1, and in the 
case of Figure 17(a), the diffraction efficiencies of the 
dots 104R, 104G. and 104B are all set at 100%. so that 
they are seen as white by additive color mixing. When, 
as shown in Figure 17(b), the diffraction efficiencies of 
..th'eTed;.aiicf.blue:dots;.1tHf^-dnd, 104B are reduced to 
20%, and 80%, respectively, a halftone color between 
green and blue is obtained. It is thus possible to express 
any desired color tone with any desired gradation by 
controlling the diffraction efficiencies of the red, green, 
and blue dots 1 04R, 1 04G, and 104B. 

The aforesaid area, and density gradation methods 
may be used in combination. It is here noted that the 
embodiment depicted in Figure 17 may be modified 
such that interference fringes 103 for expressing red, 
green, and blue are recorded in one pixel in a super- 
posed manner with controlled diffraction efficiencies of 
the interference fringes 403/ so ^that any desired color 
tone can be expressed with any desired gradation. 

Now reference will be made to how to record the 
Bragg grating 103 having varying grating surface spac- 
ing, and inclination for each pixel 102, i.e., how to fabri- 
cate the hologram-recorded medium of the present 
invention. Broadly speaking, this is achieved by four 
methods, the first one wherein the medium is fabricated 
from a computer-generated hologram (CGH) by replica- 
tion, the second wherein the medium is fabricated by 
use of a mask pattern, and an inclined plane mirror, the 
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third wherein the medium is fabricated by use of a group 
of micro-mirrors that vary in reflection direction per posi- 
tion, and the four wherein the medium is fabricated by 
recording the Bragg grating while two coherent light 
beams are moved relatively with respect to a hologram- 
recording medium. 

Several approaches may be envisaged to the CGH 
replication method. A CGH of the relief type is in itself 
fabricated by using a computer to calculate interference 
fringes (a diffraction grating) which diffract light of given 
wavelength with respect to a given zone alone in a given 
direction, and drawing the interference fringes on a 
glass or other substrate with an electron beam resist 
coated thereon by use of an electron beam, for 
instance, followed by development. Likewise, a plurality 
of CGHs are fabricated, which have different interfer- 
ence fringes in different patterns. CGHs of the reflection 
or transmission type, too, may be fabricated. 

According to the first approach, a volume hologram 
photosensitive material 107 such as a photopolymer is 
stacked on a reflection type CGH 106, and reconstruct- 
ing illumination light 108 of given wavelength is then 
allowed to strike on the CGH 106 through the hologram 
photosensitive material 107, as shown in Figure 18(a). 
Thereupon, first-order diffracted light 109 is diffracted 
from the CGH 106 in the opposite direction, and then 
interferes with the incident light 108 to produce interfer- 
ence fringes, which are in turn recorded in the photo- 
sensitive material 107. Upon removal of the CGH 106, 
another CGH having different interference fringes in a 
different pattern is used to record such different interfer- 
ence fringes in the same volume hologram photosensi- 
tive material 107, thereby obtaining a hologram- 
recorded medium 101 of the present invention which 
has a plurality of patterns recorded therein, said pat- 
— terns comprising a group of pixels with the same volume: 
type interference fringes 103 recorded therein, as 
depicted in Figure 14. In connection with the arrange- 
ment shown in Figure 18(a), rt is noted that a dichroic fil- 
ter 110 comprising a multilayer interference film and 
capable of cutting higher-order diffracted light striking 
on the CGH 106 at angles different from those of the 
incident light 108, and first-order diffracted light 109 
may be interposed between the CGH 106 and the holo- 
gram photosensitive material 107 to prevent unneces- 
sary interference fringes from being recorded therein. 

According to another method, a volume hologram 
photosensitrve material 107 such as a* photopolymer is* 
stacked on a transmission type CGH 106', and recon- 
structing illumination light 108 of given wavelength is 
then allowed to strike on the side of the CGH 1 06' that is 
not opposite to the hologram material 107, as depicted 
in Figure 18(b). Thereupon, first-order diffracted light 
109 is diffracted from the CGH 106 f in the opposite 
direction. At the same time, reference light 111 is 
allowed to strike on the photosensitive material 107, so 
that the first-order diffracted light 109, and reference 
light 1 1 1 interfere in the hologram photosensitive mate- 



rial 107 to record interference fringes therein. Upon 
removal of the CGH 106'. another CGH having different 
interference fringes in a different pattern is used to 
record such different interference fringes in the same 

5 volume hologram photosensitive material 107, thereby 
obtaining a hologram-recorded medium 101 of the 
present invention which has a plurality of patterns 
recorded therein, said patterns comprising a group of 
pixels with the same volume type interference fringes 

10 103 recorded therein, as depicted in Figure 14. In this 
case, too, it is noted that a dichroic filter 110 capable of 
cutting zero-order light, and higher-order diffracted light 
striking on the CGH 106* at an angle different from that 
of the first-order diffracted light 109 may be interposed 

1S between the CGH 1 06' and the hologram photosensitive 
material 107 to prevent unnecessary interference 
fringes from bang recorded therein. 

According to yet another approach, a volume holo- 
gram photosensitive material 107 such as a photopoly- 

20 mer is stacked on a transmission type CGH 106\ and 
reconstructing illumination light 108 of given wavelength 
is then allowed to strike on the side of the CGH 106' that 
is not opposite to the hologram material 107, as 
depicted in Figure 18(c). Thereupon, first-order d'rf- 

25 fracted light 109 is diffracted from the CGH 106' in the 
opposite direction, and zero-order light 112 goes 
straightforward, so that both light 109 and 1 12 strike on 
the hologram photosensitive material 107 from the 
same direction to record a transmission type of volume 

30 interference fringes 103 therein. Upon removal of the 
CGH 106', another CGH having different interference 
fringes in a different pattern is used to record such dif- 
ferent interference fringes in the same volume hologram 
photosensitive material 107, thereby obtaining a holo- 

35 gram-recorded medium of the present invention which 

: has a plurality of patterns . recorded therein, said pat- : 
terns comprising a group of pixels with the same volume 
type interference fringes 103 recorded therein. How- 
ever, since, in this case, the recorded volume hologram 

40 is of the transmission type, the recorded patterns can- 
not be seen from the illumination side. Accordingly, as 
shown sectionally in Figure 19, a reflecting layer 113 
such as an aluminum layer must be provided on the 
back side of the hologram-recorded medium 101 to let it 

45 be of the reflection type. 

According to the second method using a mask pat- 
tern, and an inclined plane mirror, a plurality of mask 
plates *t1 4- and 114' are fabricated, which have different 
patterns of openings to be recorded, as depicted in Fig- 
so ure 20. In association with these mask plates 114 and 
1 14', plane minors 1 15 and 1 15' having different angles 
of inclination a-j and a^. are provided. Of course, one 
plane mirror may be used to alter the angle of inclination 
between a-| and a^. Then, as depicted in Figure 20(a), a 

ss volume hologram photosensitive material 107 is inter- 
posed between the mask plate 1 14 and the plane mirror 
115 such that they are positioned in proximity to one 
another. Upon the whole of the hologram photosensitive 
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material 107 illuminated by light through the openings in 
the mask plate 114, the incident light, and light reflected 
by the plane mirror 115 and tilting dependent on the 
angle of inclination a 1 interfere in the material 107 to 
record interference fringes therein. Upon removal of the 5 
mask plate 1 1 4, another mask plate 1 1 4* having a differ- 
ent opening pattern is located with the hologram photo- 
sensitive material 107 and the plane mirror 115' such 
that they are positioned in proximity to one another, 
thereby recording a different type of interference fringes 10 
in the same volume hologram photosensitive material 
107. In this way there is obtained a hologram-recorded 
medium of the invention which has a plurality of patterns 
recorded therein, said patterns comprising a group of 
pixels with the same volume hologram photosensitive 75 
material 107. In this connection, it is also effective to 
use primaries-separating original patterns obtained in 
the color separation step for printing as the mask plates 
114 and 114*. 

With the method shown in Figure 20, however, 20 
there is possibility that a portion with no volume type 
interference fringes 103 recorded therein remains, 
because the distance between the hologram photosen- 
sitive material 107 and the plane mirrors 115, 115* 
becomes too large due to the inclination of the plane 25 
mirrors 1 15, 1 15\ resulting in no interference of the light 
passing through the openings in the mask plates 114, 
114* with the light reflected by the plane mirrors 115, 
115' upon passing through the hologram photosensitive 
material 1 07. To avoid this, the method of Figure 20 may 30 
be modified as depicted in Figure 21 (a). For instance, a 
plurality of off-axis reflection type holograms 123 are 
provided, which diffract an almost vertically incident 
light beam 121 at an angle 6 into diffracted light 122 
propagating in the reflection direction, and have differ- 35 
ent angles: 8. As depicted in r Figure 21(b),. a volume - 
hologram photosensitive material 107 is interposed 
between a mask plate 114 and the off-axis reflection 
type hologram 123 such that they are positioned in prox- 
imity to one another, and the whole of the volume holo- 40 
gram photosensitive material 107 is illuminated by the 
light 121 through the openings in the mask plate 1 14 to 
record one interference fringe therein. Upon removal of 
the aforesaid off-axis reflection type hologram 123, 
another off-axis reflection type hologram 123 having 45 
another angle 6 is used to record another interference 
fringe in the volume hologram photosensitive material 
107;- As:in the ease of Figure 20, there is*us obtained- 
a hologram-recorded medium of the present invention 
which has a plurality of patterns recorded therein, said so 
patterns comprising a group of pixels with the same vol- 
ume type interference fringes 1 03 recorded therein. 

According to the third method using a group of 
micro-mirrors varying in reflection direction per position, 
a composite reflector 1 16 is provided, which comprises ss 
a collection of micro-mirrors 116* varying in reflection 
direction per position, as depicted in Figure 22. A vol- 
ume hologram photosensitive material 107 is positioned 



in proximity to the surface of the reflector 116. Then, a 
light beam 1 1 7 is permitted to strike on the hologram 
photosensitive material 107, whereupon the light beam 
117 passes through the hologram photosensitive mate- 
rial 107, and is reflected at micro-mirror surfaces 1 16'i, 
116' 2 , and 116' 3 into reflected light 118 1( 11 82, and 
H83, which propagate in different directions. The 
reflected light 11 8 1p 1182. and 11 83 and the incident 
light 1 1 7-\ , 1 1 7 2 , and 1 1 7 3 interfere in the hologram pho- 
tosensitive material 107 to record interference fringes 
varying per position therein. If a desired pattern is 
expressed by a group of the micro-mirror surfaces 116* 
having the same reflection direction, therefore, it is pos- 
sible to obtain a hologram -recorded medium of the 
present invention which has a plurality of patterns 
recorded therein, said patterns comprising a group of 
pixels with the same volume type interference fringes 
103 recorded therein. It is understood that different 
composite reflectors 116 may be used to record interfer- 
ence fringes in one hologram photosensitive material 
107 in a superposed manner. In this case, the number 
of patterns and colors to be recorded increase. In the 
method of Figure 22, too, an off-axis reflection type 
micro-holograms 1 23 varying in diffraction direction per 
position, such as those shown in Figure 21(a) may be 
used in place of the micro-mirror surfaces 116* varying 
in reflection direction per position. 

According to the fourth method of recording inter- 
ference fringes while two coherent light beams are 
moved relatively with respect to a hologram-recording 
medium, two coherent thin light beams 119 and 120 
intersect each other at a given relative angle in a spe- 
cific pixel position in a volume hologram photosensitive 
material 107 positioned at a certain angle, thereby 
recording in that pixel position a volume type interfer- 
ence fringe ..103 derived frQm;th e:conditrons;for; aligning ; 
these parts, as depicted in Figure 23(a). In another pixel 
position, another volume type interference fringe 103 
derived from the conditions for setting the angle of the 
hologram photosensitive material 107 and/or the rela- 
tive angles of the light beams 119 and 1 20 which are dif- 
ferent from those mentioned above is recorded in the 
hologram photosensitive material. This process is 
sequentially earned out for all pixel positions where the 
interference fringes 103 are recorded until a hologram- 
recorded medium of the present invention is finally 
obtained, which has a plurality of patterns recorded 
therein, said patterns comprising a group of pixels with 
the same volume type interference fringes 1 03 recorded 
therein. 

While the hologram-recorded medium of the 
present Invention, and the method of fabricating the 
same have been described with reference to several 
embodiments, it is understood that the present invention 
is not limited thereto, and so various modifications may 
be feasible. In particular, if interference fringes obtained 
by the interference of diffused light and parallel light, as 
typically depicted in Figure 1 , are used as the interfer- 
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ence fringes 103 to be recorded in the pixels 102! to 
102 4 , it is then possible to obtain color pixels 102! to 
102 4 of the diffuse reflection type. Such a hologram- 
recorded medium lends itself well fit to the reflection 
type hologram 30 depicted in Figure 8, and the reflec- 
tion type hologram color filter 81 depicted in Figure 9. 

According to the present invention as explained 
above, it is possible to obtain a hologram-recorded 
medium having high diffraction efficiency and capable of 
reconstructing a bright pattern, because it is a medium 
which has an imagewise or other pattern comprising a 
collection of pixels, and in which any one of a volume 
type of different diffracting gratings comprising volume 
holograms is assigned to at least a part of the pixels. It 
is also possible to record a multiplex pattern with no 
drop of diffraction efficiency. Further, it is possible to 
record, and reconstruct, a full-color pattern while color 
tone, and gradation are placed under control by additive 
color mixing. Furthermore, it is possible to record, and 
reconstruct, different patterns which are sharply 
changeable depending on a viewing direction, and an 
illumination direction. 

Reference will then be made to the principles, and 
embodiments of the hologram color display medium of 
the present invention which is applicable to the reflec- 
tion type hologram 30 of Figure 8, and the reflection 
type hologram color filter 81 of Figure 9, as well as of 
the method of medium fabrication. 

Referring first to the principles of this hologram 
color display medium, two swelling films obtained by 
mixing a monomer or oligomer, a photopolymerization 
initiator, etc. with a binder polymer are provided, as in 
the case of a photopolymer. Before or after the close 
contact of these two swelling films with both sides of a 
photopolymer or other photosensitive material with 
:ime^ehi^.;frihges TefCorded -therein, a. grven,\area of 
each swelling film is irradiated with light in a quantity 
sufficient to deactivate the swelling agent (monomer or 
oligomer) contained in that area while the other area of 
the film is not irradiated with light to keep the swelling 
agent in an active state. Then, the active swelling agent 
is diffused from the selected areas of the swelling films 
into the photosensitive material through both its sides, 
and fixed in place, thereby arbitrarily forming three or 
four zones, a first zone where the swelling agent is dif- 
fused from both sides of the material, a second zone 
where the swelling agent is diffused from one side of the 
material, "a third zone^where^the^sweHing agent is^dif- 
fused from the other side of the material, and a fourth 
zone where the swelling agent is not diffused from either 
side of the material at all, so that three or four fringe 
spacings are available to reconstruct a given three- or 
four-color pattern. 

The hologram color display medium of the present 
invention, and the method of medium fabrication 
according to the present invention will now be explained 
specifically with reference to the drawings. 

Figure 24 illustrates the principle of a first embodi- 



ment of the hologram color display medium of the inven- 
tion. Figure 24(a) is a plan view of a swelling film 131 to 
be in close contact with the surface side of the material, 
and Figure 24(b) is a plan view of a swelling film 132 to 

5 be in close contact with the back side of the material. 
Each film may have been obtained by mixing a mono- 
mer or oligomer, a photopolymerization initiator, etc. 
with a binder polymer, as in the case of a photopolymer. 
An area 131 n occupying the right 2/3 of the swelling film 

10 131 to be into close contact with the surface side of the 
material, and an area 132n occupying the right 1/3 of 
the swelling film 132 to be into close contact with the 
back side of the material have been deactivated by 
exposure to light in a quantity sufficient to make inert 

is substantially all of the penetrating active monomer or 
oligomer in the swelling films. In other words, the swell- 
ing film 131 is active in an area 131a occupying the left 
1/3 thereof, while the swelling film 132 is active in an 
area 132a occupying the left 2/3 thereof. 

20 Apart from this, a volume hologram 1 30 comprising 
plane interference fringes at a constant pitch is 
recorded in a photopolymer or other photosensitive 
material, as in the case of Figure 29(a). Then, the swell- 
ing films 131, and 132 with some areas deactivated 

25 according to a certain deactivation pattern as depicted 
in Figures 24(a), and 24(b) are brought into close con- 
tact with the surface, and back sides of the material, as 
depicted sectionally in Figure 24(c). The stack is heated 
under temperature, and time conditions sufficient to dif- 

30 fuse the penetrating active monomer or oligomer from 
the swelling films 131, and 132 into the volume holo- 
gram 130. 

After such heat treatment, the swelling films 131, 
and 132 are held together with, or removed from, the 

35 hologram 1 30. thereupon, a volume hologram 140 after 

- . .. subjected, to the: swelting;:frsaiment v^erdivided" into 
three areas depending on the degree of swelling, as 
depicted in Figure 24(d), i.e., an area A swollen by the 
swelling agent diffused from both swelling films 1 31 and 

40 132, an area B swollen by the swelling agent diffused 
from the swelling film 132, and an area C not subjected 
to swelling at ail. The degree of swelling is area A > area 
B > area C. If, for instance, the volume hologram 130 is 
illuminated by light of blue wavelength, the area C does 

45 not substantially swell to diffract, and reproduce the blue 
light in a given direction. On the other hand, the area B 
having a medium degree of swelling diffracts, and repro- 
duces green light longer in wavelength than blue 4ight in 
the same direction. Furthermore, the area A having the 

so largest degree of swelling diffracts, and reproduces red 
light longer in wavelength than green light in the same 
direction. It is thus possible to record any desired two- or 
three-color pattern by the simultaneous swelling of the 
swelling films 131 and 132 with some areas deactivated 

as according to a given deactivation pattern, which are 
brought into dose contact with both sides of the volume 
hologram 130. 

Figure 25 illustrates the principle of a second 
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embodiment of the hologram color display medium of 
the present invention. Figure 25(a) is a plan view of a 
swelling film 131 which is to be first brought into close 
contact with the surface side of the material for swelling. 
An area 1 3 1 n occupying the right 1 /2 of the swel ling film 5 
131 has been deactivated by exposure to light, as in the 
case of Figure 24. 

Then, the swelling film 131 with the area 131 n 
deactivated according to a constant deactivation pattern 
as depicted in Figure 25(a) is brought into close contact 10 
with the surface of a volume hologram 130 previously 
obtained by recording plane interference fringes in a 
photopolymer or other photosensitive material at a con- 
stant pitch. The stack is heated under temperature, and 
time conditions sufficient to diffuse the penetrating 15 
active monomer or oligomer from the swelling film 131 
into the volume hologram 1 30. 

Another swelling film 1 32 such as one shown in Fig- 
ure 25(c) is provided, which is to be brought into close 
contact with the back side of the material. An area 1 32n 20 
occupying the central 1 /2 of the film 1 32 has been deac- 
tivated by exposure to light, as in the case of Figure 24, 
except areas 132a, and 132a occupying the left, and 
right 1/4 of the film 132. 

After the surface side of the volume hologram 130 25 
has been heated and swollen as depicted in Figure 
25(b), the swelling film 132 with the area 132n deacti- 
vated according to a constant deactivation pattern as 
depicted in Figure 25(c) is brought into close contact 
with the back side of the volume hologram 130, as 30 
depicted in Figure 25(d). The stack is heated under tem- 
perature, and time conditions sufficient to diffuse the 
penetrating active monomer or oligomer from the swell- 
ing films 1 32 into the volume hologram 1 30. 

After such heat treatment, the swelling films 131, 35 
^ . and 132 ai«-held;tog^ 

hologram 130. Thereupon, a volume hologram 140 after 
subjected to the swelling treatment are divided into four 
areas depending on the degree of swelling, as depicted 
in Figure 25(e), i.e., an area A swollen by the swelling 40 
agent diffused from both swelling films 131 and 132, an 
area B swollen by the swelling agent diffused from the 
swelling film 131 provided on the surface side of the 
material, and subject to enhanced swelling by heating 
for the swelling treatment of the back side of the mate- 45 
rial, an area D swollen by the swelling agent diffused 
from the swelling film 132 provided on the back side of 
* ^thermaterial, and an area C not subjected'to swelling^*- * 
all. The degree of swelling is area A > area B > area D 
> area C. If, for instance, the volume hologram 130 is so 
illuminated by light of blue wavelength, the area C does 
not substantially swell to diffract, and reproduce blue 
light in a given direction. On the other hand, the area D 
having some degree of swelling diffracts, and repro- 
duces bluish green light longer in wavelength than blue ss 
light in the same direction. The area B larger in the 
degree of swelling than the area D diffracts, and repro- 
duces green light longer in wavelength than bluish 



green light in the same direction. Furthermore, the area 
A having the largest degree of swelling diffracts, and 
reproduces red light longer in wavelength than green 
light in the same direction. It is thus possible to record 
5 any desired three- or four-color pattern by the succes- 
sive swelling of the swelling films 131, and 132 with 
some areas deactivated according to a given deactiva- 
tion pattern, which are brought into close contact with 
both sides of the volume hologram 130. 
10 In the aforesaid embodiments, the deactivation of 
the given areas of the swelling films 131, and 132 is car- 
ried out by exposure to ultraviolet or other light of given 
wavelength before the dose contact thereof with the vol- 
ume hologram 130. However, the swelling films 131, 
15 and 132 may be deactivated after such close contact In 
connection with the case of Figure 24, however, notice 
that the deactivation of the swelling film 131 or 132 
results in the deactivation of the other film 132 or 131 in 
the same pattern. To avoid this may be achievable by 
20 making the swelling films 1 3 1 and 1 32 different in wave- 
length selectivity from each other. It is thus preferable 
that the swelling film 131 is deactivated by light of wave- 
length coincident with the sensitivity thereof, and that 
the swelling film 132 is deactivated by light of another 
25 wavelength coincident with the sensitivity thereof. 

Reference will now be made to an embodiment of 
recording three or four colors by the treatments illus- 
trated in Figures 24, and 25. Specifically, Omnidex 706 
(made by Du Pont) was used as a photopolymer for 
30 recording the volume hologram 130 therein, and CTF 
75 (made by Du Pont) was used as the swelling films 
131 , and 132. The heat treatments explained with refer- 
ence to Figures 24(c), 25(b), and 25(d) were carried out 
at 1 20°C for 2 hours. As a result, volume holograms 1 40 
35 having such diffraction efficiency profiles as shown in 

., 

depicted in Figures 24, and 25, respectively. In Figures 
26, and 27 curves A to D correspond to the areas A to D 
in Figures 24(d), and 25(e). However, notice that the 
40 ordinates represent zero-order light transmittance hav- 
ing complementary relation to diffraction efficiency, 
rather than direct diffraction efficiency. From these fig- 
ures, it is found that desired color reproducibility can be 
available. 

45 Patterns obtained with the aforesaid methods are 
only three- or four-color patterns. To obtain halftone 
colors other than these colors, it is preferable to resort 
* to the principle ofaddrtive color-mixing by dot percents ~ 
of micro-pixels displaying those two, three, and four 
so colors. That is, a color image is represented by a collec- 
tion of color display micro-units comprising pixels A to C 
or A to D of such shape as depicted in Figure 24(d) or 
25(e). In this case, any desired color can be expressed 
by varying the dot percent of the pixels A, B, C, and D on 
55 the assumption that the color display unit has a constant 
area. 

In this case, however, although it is possible to con- 
trol the color of each color display unit yet it is impossi- 
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ble to control the brightness or luminance thereof. Such 
control is achievable by two methods. The first method 
involves recording in the volume hologram 130 interfer- 
ence fringes having uniform fringe spacings such that 
their diffraction efficiency varies depending on the posi- s 
tions of the aforesaid color display units, not interfer- 
ence fringes having uniform diffraction efficiency 
(refractive index modulation). Notice that the interfer- 
ence fringes have a constant spacing between adjoin- 
ing fringes, and are each in a plane form, with the w 
refractive index modulation varying per position. In the 
second method, the volume hologram 130 used may be 
of a halftone-including absorption type, or may be pro- 
vided on its diffraction side with a layer such that the 
intensity of diffracted light varies depending on the posi- 75 
tion of the aforesaid color display units. Specif ically, the 
volume hologram 1 30 is provided on its surface with a 
layer with a haiftone-including white-and-black image 
such as a white-and-black photograph negative 
recorded therein, or the medium of volume hologram 20 
1 30 used is of an absorption type such that the intensity 
of diffracted light varies depending on position. 

While the hologram color display unit of the present 
invention, and the method of fabricating the same have 
been described with reference to several embodiments 25 
and examples, it is understood that the present inven- 
tion is not limited thereto, and so various modifications 
may be possible. In the examples of Figures 24 and 25, 
too, the degree of deactivation of the swelling films 131 
and 132, for instance, may be regulated to different val- 30 
ues by controlling the quantity of irradiating light, 
thereby regulating the degree of swelling. In the forego- 
ing embodiments, plane interference fringes have been 
recorded in the volume hologram 130 at a constant 
pitch. In this case, too, color areas A to D of the diffuse 35 
--reflection. type -can be obtained- by recording, interfer- 
ence fringes produced by the interference of diffused 
light and parallel light, as typically shown in Figure 1 . 
Such a hologram color display medium is suitable for 
use on the reflection type hologram 30 depicted in Fig- 40 
ure 8, and the reflection type hologram color filter 81 
depicted in Figure 9. 

According to the hologram color display medium of 
the present invention, and the method of fabricating the 
same as explained above, a stable pattern of two or 45 
more different colors can be reproduced by swelling 
from a hologram with uniform interference fringes 
recorded therein without recourse to light quantity con- - 
troi, because the hologram is swollen from both its sides 
using two swelling f ilms irradiated with a given or more so 
quantity of light according to the deactivation pattern. In 
addition, a two-dimensional diffraction pattern of two or 
more colors can be displayed by the combination of the 
deactivated pattern of one swelling film with that of 
another swelling film. ss 



Claims 

1 . A reflection type diffuse hologram characterized by 
reflecting, and diffracting light incident thereon at an 
angle with respect to a normal direction while it is 
diffused within a desired angle range. 

2. The reflection type diffuse hologram of claim 1, 
characterized in that an angle of diffusion lies within 
a range of 10° to 35°. 

3. A reflection type diffuse hologram, characterized by 
having been formed by allowing scattered light that 
diffuses within a desired angle range, and parallel 
light to strike on both surfaces of a volume holo- 
gram-recording photosensitive material, and inter- 
fere therein. 

4. The reflection type diffuse hologram of any one of 
claim 1 to 3, characterized in that an image has 
simultaneously been recorded in a reconstructible 
fashion. 

5. The reflection type diffuse hologram of any one of 
claim 1 to 4, characterized by being located on a 
backlight side of a liquid crystal display device for 
diffuse illumination purposes. 

6. A method for fabricating a reflection type diffuse 
hologram characterized in that a transmission type 
diffusing plate having a diffusion angle characteris- 
tic within a desired angle range is located in close 
contact with, or in proximity to, a volume hologram- 
recording photosensitive material, and two light 
beams are allowed to strike on front and back sides 

. : df the combined. diffusing.plat& and photosensitive. ; 
material for interference recording. 

7. The method for fabricating a reflecting type diffuse 
hologram according to claim 6, characterized in that 
the transmission type diffusing plate is a diffusing 
plate of a 20% to 60% haze, 

8. The method for fabricating a reflecting type diffuse 
hologram according to claim 6, characterized in that 
the transmission type diffusing plate is an array of 
microlenses. 

9. The method for fabricating a reflecting type diffuse 
hologram according to claim 6, characterized in that 
the transmission type diffusing plate is a lenticular 
screen. 

1 0- A reflection type of direct-view color display device 
using a hologram color filter, characterized by com- 
prising a hologram color filter composed of an array 
of element light-collecting holograms, 

each of said element light-collecting holo- 
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grams comprising a hologram color filter for sub- 
jecting white light incident thereon at a given angle 
with respect to a normal line of a hologram- 
recorded surface to wavelength dispersion in a 
direction substantially along said hologram- 
recorded surface for spectral diffraction, a reflection 
type hologram located in the vicinity of a light-col- 
lection surface thereof, and a transmission type 
spatial light modulator located between said holo- 
gram color filter and said reflection type hologram. 

11. The reflection type of direct-view color display 
device using a hologram color filter according to 
claim 10, characterized in that said reflection type 
hologram has interference fringes recorded in the 
vicinity of a position on which said white light strikes 
whiJe said white light is separated into each spectral 
component of each color, said interference fringes 
reflecting light of wavelength of each color in an 
identical direction. 

12. The reflection type of direct-view color display 
device using a hologram color filter according to 
claim 1 1 , characterized in that said reflection type 
hologram has diffusibility. 

13. The reflection type of direct-view color display 
device using a hologram color filter according to 
any one of claims 10 to 12, characterized in that 
said transmission type spatial light modulator com- 
prises a liquid crystal display element. 

14. A reflection type color display device, characterized 
by comprising a transmission type spatial light mod- 
ulator comprising a collection of pixels, and having 
a controllable trariSriiittance per pixel, and. a reflec- 
tion typ$ hologram color filter located on a back 
side of said modulator. 

1 5. The reflection type color display device of claim 1 4, 40 
characterized in that said reflection type hologram 
color filter comprises periodically arranged volume 
hologram elements varying in reflection, and dif- 
fraction wavelength for each position of pixels in 
said transmission type spatial fight modulator. 4s 

1 6. The reflection type color display device of claim 1 5, 
characterized in that said reflection type hologram 
color filter has diffusibililty. 

50 

17. The reflection type color display device of any one 
of claims 14 to 16, characterized in that said reflec- 
tion type hologram color filter has an absorption 
layer located on a back surface thereof. 

55 

18. The reflection type color display device of any one 
of claims 14 to 16, characterized in that said reflec- 
tion type hologram color filter is provided on a back 



surface thereof with an absorption type color filter, 
which is provided on a back surface thereof with a 
backlight source, so that color information is inter- 
changeable when said backlight source is turned 
5 on, said color information being displayed on each 

pixel in said transmission type spatial light modula- 
tor. 

19. The reflection type color display device of any one 
10 of claims 14 to 1 7, characterized in that said trans- 
mission type spatial light modulator comprises a liq- 
uid crystal display element. 

20. The reflection type color display device of any one 
is of claims 14 to 1 7, characterized in that said trans- 
mission type spatial light modulator comprises a 
polymer-dispersed type liquid crystal display ele- 
ment. 

20 21. A hologram-recorded medium which is an image- 
wise or other pattern-recorded medium comprising 
a collection of pixels, characterized in that any one 
of a plurality of volume type diffraction gratings 
comprising volume holograms and differing from 
25 each other is assigned to at least a part of said pix- 
els. 

22. The hologram-recorded medium of claim 21, char- 
acterized in that a plurality of volume type diffrac- 

30 tion gratings comprising said volume holograms 
and differing from each other include at least three 
volume type diffraction gratings which are identical 
in orientation of grating surface with each other but 
different in grating spacing from each other. 

35 

23. "The. hologram-recorded medium of claim 21 or 22, 

characterized in that at least two of a plurality of 
mutually different volume type diffraction gratings 
are multi-recorded in at least a part of the pixels. 

24. The hologram-recorded medium of any one of 
claims 21 to 23, characterized in that a volume type 
diffraction grating that expresses red, a volume type 
diffraction grating that expresses green, and a vol- 
ume type diffraction grating that expresses blue are 
assigned to three dot areas into which at least a 
part of the pixels is divided, or to three adjoining 
pixels, so that color tone or -gradation-is controlled- 
by varying a dot percent occupied by said volume 
type diffraction gratings, or a diffraction efficiency 
ratio between said volume type diffraction gratings. 

25. The hologram-recorded medium of any one of 
claims 21 to 24, characterized by having a reflecting 
layer on a back surface thereof. 

26. The hologram-recorded medium of any one of 
claims 21 to 25, characterized in that each pixel has 



20 



3NSDOClD:<EP 0821293A2 I > 



39 



EP 0 821 293 A2 



40 



diffusibility. 

27. The hologram-recorded medium of any one of 
claims 21 to 26, characterized by being used as a 
reflection type hologram color filter. s 

28. A method of fabricating a hologram-recorded 
medium which is an imagewise or other pattern- 
recorded medium comprising a collection of pixels, 
and in which any one of a plurality of volume type 10 
diffraction gratings comprising volume holograms 
and differing from each other is assigned to at least 

a part of said pixels, characterized by stacking a 
volume hologram photosensitive material on a 
reflection type relief hologram, and striking recon- is 
structing illumination light of given wavelength on 
said reflection type relief hologram through said vol- 
ume hologram photosensitive material, so that 
interference fringes produced by interference of 
light diffracted from said reflection type relief holo- 20 
gram and the incident light are recorded in said vol- 
ume hologram photosensitive material. 

29. A method of fabricating a hologram-recorded 
medium which is an imagewise or other pattern- 25 
recorded medium comprising a collection of pixels, 
and in which any one of a plurality of volume type 
diffraction gratings comprising volume holograms 
and differing from each other is assigned to at least 

a part of said pixels, characterized by stacking a 30 
volume hologram photosensitive material on a 
transmission type hologram, and striking recon- 
structing illumination light of given wavelength on a 
side of said transmission type hologram that is not 
opposite to said volume hologram photosensitive 35 
riiaterial, so that interference fringes, produced by 
interference of light diffracted from said transmis- 
sion type hologram and reference light incident on 
said volume hologram photosensitive material are 
recorded in said volume hologram photosensitive 40 
material. 

30. A method of fabricating a hologram-recorded 
medium which is an imagewise or other pattern- 
recorded medium comprising a collection of pixels, 45 
and in which any one of a plurality of volume type 
diffraction gratings comprising volume holograms 
and differing from each other is assigned to at least - 

a part of said pixels, characterized by stacking a 
volume hologram photosensitive material on a so 
transmission type hologram, and striking recon- 
structing illumination eight of given wavelength on a 
side of said transmission type hologram that is not 
opposite to said volume hologram photosensitive 
material, so that interference fringes produced by 55 
interference of light diffracted from said transmis- 
sion type hologram and zero-order transmitted light 
are recorded in said volume hologram photosensi- 



tive material, followed by provision of a reflecting 
layer on a back side of said volume hologram pho- 
tosensitive material. 

31. A method of fabricating a hologram-recorded 
medium which is an imagewise or other pattern- 
recorded medium comprising a collection of pixels, 
and in which any one of a plurality of volume type 
diffraction gratings comprising volume holograms 
and differing from each other is assigned to at least 
a part of said pixels, characterized by locating a 
mask plate having an opening pattern on one side 
of a volume hologram photosensitive material and a 
reflecting mirror on another side of said volume 
hologram photosensitive material, said reflecting 
mirror having a specific angle of inclination with 
respect to said volume hologram photosensitive 
material, and striking a light beam on said volume 
hologram photosensitive material through said 
opening pattern in said mask plate, so that interfer- 
ence fringes produced by interference of the inci- 
dent light and light reflected from said reflecting 
mirror are recorded in said volume hologram photo- 
sensitive material. 

32. A method of fabricating a hologram-recorded 
medium which is an imagewise or other pattern- 
recorded medium comprising a collection of pixels, 
and in which any one of a plurality of volume type 
diffraction gratings comprising volume holograms 
and differing from each other is assigned to at least 
a part of said pixels, characterized by locating a 
mask plate having an opening pattern on one side 
of a volume hologram photosensitive material and 
an off-axis reflection type hologram on another side 
of, said volume hologram photosensitive -material,, 
said off-axis reflection type hologram diffracting a 
light beam incident at a given angle of incidence in 
an opposite direction at a specific angle with 
respect thereto, and striking a light beam on said 
volume hologram photosensitive material through 
said opening pattern in said mask plate, so that 
interference fringes produced by interference of the 
incident light and light diffracted from said off-axis 
reflection type hologram are recorded in said vol- 
ume hologram photosensitive material. 

33. A method of fabricating a : hologram-recorded" 
medium which is an imagewise or other pattern- 
recorded medium comprising a collection of pixels, • 
and in which any one of a plurality of volume type 
diffraction gratings comprising volume holograms 
and differing from each other is assigned to at least 
a part of said pixels, characterized by locating a 
composite reflector comprising a collection of 
micro-mirror surfaces varying in reflection direction 
per position on a back side of a volume hologram 
photosensitive material, and striking a light beam 
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on a surface side of said volume hologram photo- 
sensitive material, so that interference fringes pro- 
duced by interference of the incident light and light 
reflected from said composite reflector are 
recorded in said volume hologram photosensitive 5 
material. 

34. A method of fabricating a hologram-recorded 
medium which is an imagewise or other pattern- 
recorded medium comprising a collection of pixels, 10 
and in which any one of a plurality of volume type 
diffraction gratings comprising volume holograms 
and differing from each other is assigned to at least 

a part of said pixels, characterized by striking two 
coherent thin light beams at a position of each of 15 
pixels in a volume hologram photo-sensitive mate- 
rial while said beams intersect at a relative angle 
corresponding to said position, thereby recording in 
said volume hologram photosensitive material inter- 
ference fringes having an inclination and a pitch 20 
depending on said pixel position. 

35. A hologram color display medium which is a holo- 
gram color display medium having interference 
fringes of light recorded in a thickness direction of a 25 
film, characterized by using two swelling films each 
containing a penetrating monomer or oligomer that 

is diffusible externally from a surface of said film, 
said penetrating monomer or oligomer being deac- 
tivated according to a given deactivation pattern, so 30 
that said hologram is swollen by said penetrating 
monomer or oligomer diffused from both surfaces 
of said hologram at different degrees of swelling 
depending on position. 

35 

136. The hologram- color display medium ot claim ;35, 
characterized in that said two swelling films are 
brought into dose contact with both surfaces of said 
hologram, so that a two-dimensional diffraction pat- 
tern of two or more colors is obtained by a combina- 40 
tion of the deactivation pattern of one swelling film 
with that of another swelling film. 

37. The hologram color display medium of claim 35 or 

36, characterized in that a color image is expressed as 
by means of a collection of color display micro- 
units, each comprising a combination of two or 
— -more micro-pixels displaying two or more -different ■' 
colors, and a dot percent of dots in each color dis- 
play micro-unit is varied to express each color dis- so 
play micro-unit in any desired color by additive color 
mixing. 

38. The hologram color display medium of claim 37, 
characterized in that interference fringes recorded ss 
in said hologram is designed such that diffraction 
efficiency changes depending on positions of said 
color display micro-units. 



39. The hologram color display medium of claim 37 or 
38, characterized in that said hologram itself or a 
diffraction-side surface thereof is designed such 
that absorptance changes depending on positions 
of said color display micro-units. 

40. The hologram color display medium of any one of 
claims 35 to 39, characterized in that said hologram 
is a volume phase type hologram. 

41. The hologram color display medium of claim 40, 
characterized in that said hologram is a hologram 
recorded in a photopolymer. 

42. The hologram color display device of any one of 
claims 35 to 41 , characterized by having diffusibility. 

43. The hologram color display medium of any one of 
claims 35 to 42, characterized by being used in the 
form of a reflection type hologram color filter. 

44. A method for fabricating a hologram color display 
medium including a hologram having interference 
fringes of light recorded in a thickness direction of a 
film, wherein two swelling films each containing a 
penetrating monomer or oligomer that is diffusible 
externally from a surface of said film, said penetrat- 
ing monomer or oligomer being deactivated accord- 
ing to a given deactivation pattern, are used so that 
said hologram is swollen by said penetrating mono- 
mer or oligomer diffused from both surfaces of said 
hologram at different degrees of swelling depend- 
ing on position, 

characterized in that 

: "before or:after the : close^cootact of. the two „ 
swelling films, in which the penetrating mono- 
mer or oligomer contained in that position is 
deactivated by irradiation of a given or more 
quantity of light, with both surfaces of said holo- 
gram, said two swelling films are irradiated 
according to said given deactivation pattern 
with a given or more quantity of light, and 
said hologram with the thus deactivated swell- 
ing films brought into close contact with both 
surfaces thereof is heated, thereby diffusing 
said penetrating monomer or oligomer from 
* -active area& of said swelling films into said 
hologram. 

45. A method for fabricating a hologram color display 
medium including a hologram having interference 
fringes of light recorded in a thickness direction of a 
film, wherein two swelling films each containing a 
penetrating monomer or oligomer that is diffusible 
externally from a surface of said film, said penetrat- 
ing monomer or oligomer being deactivated accord- 
ing to a given deactivation pattern, are used so that 
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said hologram is swollen by said penetrating mono- 
mer or oligomer diffused from both surfaces of said 
hologram at different degrees of swelling depend- 
ing on position, 

characterized in that s 



before or after the close contact of one swelling 
film, in which the penetrating monomer or oli- 
gomer contained in that position is deactivated 
by irradiation of a given or more quantity of 10 
light, with one surface of said hologram, said 
one swelling film is irradiated according to said 
given deactivation pattern with a given or more 
quantity of light, 

said hologram with the thus deactivated swell- is 
ing film brought into close contact with said one 
surface is heated, thereby diffusing said pene- 
trating monomer or oligomer from an active 
area of said one swelling film into said holo- 
gram, 20 
before or after the close contact of another 
swelling film, in which the penetrating monomer 
or oligomer contained in that position is deacti- 
vated by irradiation of a given or more quantity 
of light, with another surface of said hologram, 25 
said another swelling film is irradiated accord- 
ing to said given deactivation pattern with a 
given or more quantity of light, and 
said hologram with the thus deactivated swell- 
ing film brought into close contact with said 30 
another surface is again heated, thereby diffus- 
ing said penetrating monomer or oligomer from 
an active area of said another swelling film into 
said hologram. 

35 

46. " The method-for fabricating a hologram color display. 

medium according to claim 44 or 45, characterized 
in that said hologram is a volume phase type holo- 
gram. 

40 

47. The method for fabricating a hologram color display 
medium according to claim 46, characterized in that 
said hologram is a hologram recorded in a pho- 
topolymer. 



so 



ss 



23 



EP 0 821 293 A2 

FIG. 1 



4 




3NSD0CID- <EP 0821293A2 I > 



24 



EP 0 821 293 A2 




25 



EP 0 821 293 A2 



FIG. 5 




1NSD0CID: <EP 0821293A2 I > 



26 



EP 0 821 293 A2 



FIG. 7 
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FIG. 8 
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FIG. 10(a) 
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FIG. 11 
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FIG. 15(a) 
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FIG. 23 (a) FIG. 23(b) 
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FIG. 26 
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FIG. 28 



53 Backlight 




55* M icro-holograrri 
/^_^55 Hologram array 

Blue component 

Green component 

Red component 

—54 Black matrix 

—56 Liquid crystal 
display device 

56' Liquid crystal cell 



3NSDOClD:<EP 0821293A2 I > 



42 



EP 0 821 293 A2 



FIG. 29(a) 
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FIG. 30(a) 
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